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Summary De

The jet-induced forces generated on short takeoff and

vertical landing (STOVL) aircraft when in close prox- e

imity to the ground can have a significant effect on h
aircraft performance. Therefore, accurate predictions of

these aerodynamic characteristics are highly desirable. AL

Empirical procedures for estimating jet-induced forces N I
during the vertical/short takeoff and landing (WSTOL)

portions of the flight envelope are currently limited in N2

accuracy. The jet-induced force data presented in this
P

report significantly add to the current STOVL configura-

tions data base. Further development of empirical predic- Pamb

tion methods for jet-induced forces, to provide more Pref
configuration diversity and improved overall accuracy,

depends on the viability of this STOVL data base. The Pt

data base may also be used to validate computational fluid
dynamics (CFD) analysis codes. Pt,n

Pt/Pamb
This report presents the hover data obtained at the NASA

Ames Jet Calibration and Hover Test (JCAHT) facility for Pt,z

a parametric fiat-plate model. The model tested was Ap
designed to allow variations in the planform aspect ratio,

number of jets, nozzle shape, and jet location. There were APM, AM

31 different planform/nozzle configurations tested. Each
qjet

configuration had numerous pressure taps installed to
measure the pressures on the undersurface of the model, qn

All pressure data, along with the balance jet-induced lift qz
and pitching-moment increments, are tabulated. For

selected runs, pressure data will be presented in the form T

of contour plots that show lines of constant pressure V..
coefficient on the model undersurface. Nozzle-thrust

calibrations and jet-flow-pressure survey information are X

also provided.

Nomenclature

A jet

axial

Cp

d

sum of jet area for a given configuration,
in. 2

balance axial force, lb

pressure coefficient, Ap/qjet, psi

individual jet diameter, in.

Xn

Yn

Y

Z

equivalent jet diameter based on total jet
area, in.

half the distance between adjacent jets, in.

model height above ground plane, in.

jet-induced lift, Ib

balance normal force number 1, Ib

balance normal force number 2, lb

pressure, psig

ambient pressure, psia

reference pressure, psig

local total pressure, psia unless noted

total pressure of the nozzle, psia

nozzle pressure ratio

total pressure at distance Z, psia

pressure difference, psi

jet-induced pitching moment, in.-lb

jet dynamic pressure, qjet = T/(2 * Ajet), psi

jet dynamic pressure at the nozzle exit, psi

jet dynamic pressure at distance Z, psi

total jet thrust for a given configuration, lb

freestream velocity, ft/sec

longitudinal position on the planform with

X = 0 halfway between the nozzle set, in.

longitudinal distance from the nozzle center,
in.

lateral distance from the nozzle center, in.

lateral position on the planform with Y = 0

along planform plane of symmetry, in.

distance downstream of the nozzle exit, in.

*KSA Technology, Columbus, Ohio.



Introduction

A test program to expand the data base on jet-induced
forces for short takeoff and vertical landing (STOVL)

aircraft both in and out of ground effect has been com-

pleted. The test program addresses multi-jet suckdown,

fountain effects, ground vortex effects of a single circular

or rectangular jet, and twin rectangular thrust reverser
effects. Hover tests performed at NASA Ames Research

Center from January 25, 1991, to March 8, 1991, are

reported. In addition to force balance instrumentation, all

test models contained pressure instrumentation on the
undersurface. Forward-speed data from NASA Langley

Research Center for similar configurations are reported in
reference 1.

Data from these tests add significantly to the current jet-

induced force data base for STOVL configurations.

Further development of empirical prediction methods for

jet-induced forces, to provide more configuration diversity

and improved overall accuracy, depends on the viability
of this STOVL data base. In addition, computational fluid

dynamics (CFD) codes can be validated using this data
base.

The available data and the shortfalls of the existing data

base (for hover) are briefly addressed. A detailed discus-

sion of the limitations of current prediction methodology

for jet-induced forces is provided in reference 2. The

JCAHT facility, the models used in the hover tests, and
the instrumentation used with these models are described.

Finally, the test data are presented, including nozzle cali-

brations, along with a short discussion on some of the

data. A sketch of each configuration tested and the tabula-

tion of the data are included in the appendix.

Background

Accurate predictions of the aerodynamic characteristics

for advanced STOVL aircraft in close proximity to the

ground are highly desirable. The jet-induced forces

generated on these aircraft can have a significant effect on

aircraft performance, especially when calculating thrust

and control requirements for operations close to the

ground. Thus, the ability to accurately estimate the jet-

induced ground effects of vertical/short takeoff and land-

ing (V/STOL) aircraft becomes an important part of the

design procedure and cannot be overlooked. Several

empirical estimating procedures for jet-induced ground
effects are available for the hover and short takeoff and

landing (STOL) portions of the flight regime, but are

limited in accuracy (ref. 2).

The existing STOVL-configuration data base for jet-

induced forces is insufficient to enable the development

of a methodology to adequately predict the aerodynamics

characteristics of configurations which are of current

interest. This includes configurations with high disk load-

ing (nozzle pressure ratios (NPRs) greater than 2), large
planform-to-jet area ratios (greater than 100), nonsym-

metric thrust and jet patterns, and widely differing
undersurface geometries.

The ground effects induced by jet flows impinging on the

ground are dependent on many aircraft parameters. The

complete aircraft configuration (jet shape, location, angle,

and number, along with the shape of the aircraft planform

and undersurface) is an important factor in the magnitude

of the ground effects encountered.

The relative positioning and the number of the jets are
strong factors in determining jet-induced effects. Multi-jet

configurations can experience large lift losses (suckdown)

and large fountain effects during hover. Figure 1(a) shows

the different flow regions around an aircraft in hover. Fig-

ure 1(b) shows the flow regions during forward flight or

crosswind hover close to the ground. In this situation a

"ground vortex" is formed by the collision of the jet flow
along the ground with the free-stream air. This vortex can

significantly alter the suckdown forces by further chang-

ing the flow field around the aircraft. Existing isolated jet

investigations of the ground vortex have shown that the

test conditions can affect the vortex size and shape. It

appears that the ground boundary associated with testing

in a wind tunnel is one significant parameter in predicting

the effects of the ground vortex (ref. 3).

The current empirical prediction methods for the jet-

induced aerodynamic characteristics of STOVL configu-

rations require the summation of several parameters. The

overall accuracy is limited to that of each individual

parameter. Table 1 presents the individual increments of

the current prediction methods for STOVL- or WSTOL-

aircraft lift during hover and an assessment of the

prediction accuracy for each increment.

Table 1. Accuracy of current prediction methods

Increment Accuracy of method

1. Base loss out-of-ground effect

2. Equivalent single-jet suckdown
3. Fountain lift

4. Additional multi-jet suckdown

Adequate
Under estimated

Over estimated

Over estimated

The existing methodology can reasonably predict the sum

value of these four items for limited configurations. The

over estimation of the fountain lift (item 3) and the addi-

tional multi-jet suckdown (item 4) tend to cancel, giving a



correcttotaljet-inducedlift-increment.However,most
newconfigurationsareoutsideoftheexistingdatabase,
andthesumofoverestimationofthefountainandmulti-
jet terms(items3and4)providespoorresults.

Also, the prediction methods do not provide an estimate

of pitching moments induced in hover for configurations
that are not symmetrical fore and aft. Since most configu-

rations are not symmetrical fore and aft, no empirical

prediction methods exist for pitching moments during

hover. Better prediction or measurement of the parameters
is required to use the methodology for more diverse

configurations. Obtaining pressure data on and around the

model will improve the current prediction methods.

A more detailed discussion of the limitations of the

current jet-induced effects prediction methodology is

provided in reference 2.

Facility Description

General

The NASA Ames Jet Calibration and Hover Test

(JCAHT) facility is shown in figure 2 (ref. 4). This facility

provides jet-induced effects data on STOVL configura-

tions both in and out of ground effect during hover in still

air. The facility consists of a hover test rig (HTR), a jet

calibration rig (JCR), and a jet-wake survey rig. Two

high-pressure supply lines can be independently con-
trolled, providing up to 300 psig air at either the JCR or
the HTR.

The JCAHT facility was used to calibrate each of the

nozzles used at the Ames and Langley test facilities, and
to obtain extensive hover characteristics for a series of

nozzle arrangements and flat-plate planforms.

Hover Test Rig

The hover test rig (HTR) is the heart of the JCAHT facil-

ity. It is used to measure the jet-induced forces on a

STOVL model hovering in and out of ground effect. A
picture of the delta-wing model attached to the HTR is

shown in figure 3. The forces on the model are measured

by a six-component strain-gage balance that is supported

from the structure of the rig and is located between the

nozzle plenum assemblies. The plenums and associated

nozzles are attached directly to the rig, but do not make

contact with the model (i.e., the nozzles are nonmetric).

By attaching only the model to the balance, the jet-

induced forces imposed on the model can be directly

measured. Gaps between the model and nozzles are kept

as small as possible (nominally 0.05 in.) to minimize or

eliminate errors from flow entrainment through the gap.

In order to simulate different heights above the ground, a
ground plane is moved to different heights relative to the

model by a remote-control hydraulic lift fixed to the rig.
For the tests described in this report, the ground plane was
8 ft x 8 ft (fig. 4) and was centered underneath the model.

To get the test data in a nondimensional form to compare

with other model configurations and sizes, the thrust, flow

angles, and velocity profiles of the jets installed on the

HTR must be known. The JCR is used for this purpose.

Jet Calibration Rig

The jet calibration rig (JCR) is used to calibrate thrust (jet
force) that is not measured on the HTR and is used for

correlation with a reference pressure that can be measured

on the HTR. The JCR measures thrust forces produced by

a jet flow and is shown in figure 5(a). High-pressure air

enters the rig from the left, and is split into two flows that

travel through a set of balance isolation coils designed to

minimize pressure effects on the balance. The two air-

flows are brought back together at an outlet plenum that
sits directly over the balance on the right side of the rig.

The plenum and nozzle arrangements to be tested are

bolted in an inverted position (jet flow pointed up)

directly to the outlet plenum. Both the thrust magnitude

and the thrust angle of the jet can be determined from the

balance readings. A total-pressure probe is available for

measuring the pressure distribution at the exit plane of the

nozzle. This total pressure is used to calculate NPR (an
important parameter in correlating jet-induced effects) and

to correlate with a nozzle reference pressure located

within the nozzle-plenum assembly. The correlation

between total and reference pressure is used while

operating the nozzle on the HTR to provide thrust and
NPR information.

Jet-Wake Survey Rig

The jet-wake survey rig is a three-axis traverse mecha-

nism. Located next to the JCR, it positions a Pitot survey

probe (fig. 5(a)). The Pitot probe measures the total pres-

sure in the nozzle flow (fig. 5(b, c)). The Pitot probe can
be moved on all three axes to provide nozzle exit-flow

survey traces parallel to or perpendicular to the nozzle

exit plane.

Model Description

The parametric flat-plate model tested on the HTR had

modular panels (with and without pressure taps). There



wereavarietyofnozzlesthatcouldbeplacedatdifferent
locationsinandaroundthemodel.Detailsabouttheplan-
formpanels,thenozzles,andthemodelinstrumentation
follow.

Planform Panels

The planform panels tested on the HTR included a delta

wing and several rectangular shapes. The planform shape,
nozzle spacing, number of nozzles, and NPR were varied

to produce 31 different configurations. The planforms
were designed to be modular so pieces could be

interchanged to provide many different configurations

with minimal hardware. In addition to the pressure-

instrumented delta wing (fig. 6(a)), there were 17 different

rectangular plates labeled P 1-P 17. Figure 6(b) shows

some of these plates; note the circular and rectangular
nozzle cutouts. Plates PI-PI3 were instrumented with

pressure taps, while plates PI4-P17 were not. Pressure-

tap numbers were uniquely assigned starting with the

delta wing and ending with plate P13. This provided pres-

sure tap numbers ranging from 1 to 242. Although num-
bered, ports 92 and 158 were not installed in the model

and do not appear in the data or configuration files. A

summary of the 31 configurations tested is provided in
figure 7(a-c). The appendix contains a 1:4 sketch of each

configuration tested and the data obtained.

Each configuration has an associated code name that

describes the planform and nozzle parameters. The

configuration code is made up of four parts separated by
an underline character:

4C_8_2.5/3.9_ 12/8

k__.
(4) planform length/width

DW = delta wing
(3) lateral jet spacing

forward jet/aft jet
(2) longitudinal jet spacing
(1) number & type of nozzles

C = circular

R = rectangular

This configuration code refers to a configuration with four

circular jets. The longitudinal (forward to aft)jet spacing

is 8 in. The forward-jet lateral spacing is 2.5 in. and the

aft-jet lateral spacing is 3.9 in. The planform is 12 in. long

and 8 in. wide. Two other examples of configuration code
names are:

2C 12 0 DW

3C_ 16_2.5_20/8

The first example refers to a model with two circular jets

with a 12 in. spacing. Side-by-side jet spacing is zero;

therefore, the jets are along the model centerline. The

planform is the delta wing. The second example has three

circular jets with a forward to aft jet spacing of 16 in. The

two forward jets are laterally spaced 2.5 in. apart and the

remaining aft jet is located along the centerline. The plan-
form is 20 in. long and 8 in. wide.

Nominally, half of each planform was instrumented with

pressure taps (fig. 8) since the planforms and nozzle

arrangements were symmetrical about the body longitudi-
nal centerline. Exceptions were planforms with 2.5 in. and

3.9 in. side-by-side nozzles where pressure taps were

located laterally along the centerline passing through the

two nozzles (fig. 9). Flow patterns between the nozzles at

low heights were anticipated to be, and sometimes found

to be, nonsymmetrical. Detailed pressure-tap locations are

provided in appendix A after the model sketch for each

configuration tested. Although there were 31 planform

and nozzle arrangements, there were actually 32 different

pressure-field configurations tested. Configuration

2C_16_0_12/24 had two different pressure-tap layouts.

To provide more data on the fountain decay on the aircraft

undersurface, plates P2 and P11 were switched. This

second configuration was designated with an "X" at the
end of the code name (2C_16_0_12/24X).

With the exception of the delta-wing planform, the

modular planform pieces were held together with a frame

made from aluminum 90 deg angle stock. The L-shaped
corner of the aluminum angle stock was kept toward the

inside of the frame structure to keep the model edge as

thin as possible; unpublished data indicate that the edge

contour can affect the jet-induced characteristics.

Nozzles

There were six nozzles calibrated on the Ames JCR. Each

nozzle had a "type" designation of 1--6. Table 2 provides
a short description of each nozzle type. Table 3 summa-

rizes nozzle geometry and the configurations with which
they were used.

Table 2. Description of the nozzle types used

Nozzle type Description

Forward circular nozzle

Aft circular nozzle

Twin 3.9 in. center-to-center nozzles

Twin 2.5 in. center-to-center nozzles

Aft rectangular nozzle

Forward rectangular nozzle



Nozzle

type

Table 3. Summary of nozzle information

Diameter or Area

length/width (in. 2)

1 1.2 in.

2 1.2 in.

3 0.87 in. each

(3.9 in. spacing) De = 1.22 in.

4 0.85 in. each

(2.5 in. spacing) De = 1.20 in.

5, 6 0.613 in. x 1.840 in.

De -- 1.20 in.

Used on

configuration

1.13 All 2C_[8,12,16]...
All 3C...3.9...

1.13 All 2C_[8,12,16]...
All 3C...2.5...

1.16 total 2C_0_3.9_12/8
3C 8 3.9 12/8

3C 12 3.9 16/8

3C 16 3.9 20/8

All 4C...

1.13 total 2C_0 2.5 12/8

3C_8 2.5 DW

3C_8_2.5_ 12/8

3C_ 12_2.5_DW

3C_12_2.5_16/8
3C_16_2.5_20/8
All 4C...

1.13 All 2R...

Because the models for both the Ames HTR and the

Langley wind tunnel were nonmetric with the nozzles, the
nozzles had to be calibrated for thrust. This calibration

(performed with the JCR) provided the necessary thrust

and nozzle-pressure calibrations so that the correct nozzle
conditions could be set and monitored when run on the

HTR or at the Langley wind tunnel. A more detailed

discussion of each nozzle type is presented under "Nozzle

Calibrations/Surveys" in the "Jet Calibrations" section.

The NPR is defined as the nozzle total pressure divided by
room (ambient) total pressure, and is the primary flow

parameter used in empirical jet-induced prediction tech-

niques. An NPR of 1.0 means no air is flowing through
the nozzle.

Total-pressure surveys were obtained at the nozzle exit

planes in order to calculate the actual NPR. The surveys

were used to document the jet-exit velocity profile, and

can be used to indicate how well the nozzles are perform-
ing. Exit profiles are shown under "Nozzle Calibrations/

Surveys" in the "Jet Calibrations" section.

Instrumentation

Measurements during model testing on the HTR consisted

of room (ambient) pressure and temperature, model

surface pressures, and nozzle reference pressures. Model

surface pressures from all plates to be tested were

plumbed to four mechanical scanivalve connectors.

The instrumentation used during this test consisted of two

six-component strain-gage balances, a scanivalve module

consisting of four 48-port scanivalves, various pressure

transducers for measuring nozzle, plenum, and ambient

pressures, and one thermocouple for measuring ambient

temperature.

The balance is used to measure model jet-induced aerody-
namic forces while on the HTR or the nozzle thrust while

on the JCR. Since the balance is comprised of six different

gages, a load on any single gage will also produce some
output (usually small) on the other gages; these are

referred to as "gage interactions." These interactions are

taken into account by the data acquisition system as part
of the balance calibration data. The balance used on the

JCR during this test was a 1.5-in.-diameter strain-gage

balance. The balance gage capacities are 300 Ib on the

axial gage, 500 lb on the normal force gages (N1 and N2),
250 lb on the side force gages (SI and $2), and 60 ft/lb on

the rolling-moment gage. A similar balance was used for

the HTR with the only difference being a 100 lb limit on

the axial gage. During data acquisition on the HTR, the

scanivalves were stepped through all 48 ports at each

height. Each height was considered one run point. The

rate of acquisition was approximately 1 port/second.

A 25 psia pressure transducer and a thermocouple were

used to measure the room (ambient) pressure and

temperature during testing.



Jet Calibrations

Data from the JCR calibration were used when calibrating
the nozzles. Calibrations from the nozzles were in turn

used when testing the model on the HTR. The "Calibra-

tion of the Jet Calibration Rig" section will explain how

the calibration was done and provide the corresponding

results. The "Nozzle Calibrations/Surveys" section will

present pressure and thrust data along with pressure

surveys of the nozzle flow. The final section, "Compari-
son of Jet Decay Rates," compares the jet decay rates
between the current nozzle sets and selected studies.

Calibration of the Jet Calibration Rig

The JCR is designed to minimize forces on the balance

due to the high pressure air lines so that only the forces

from the jet (or thrust system) are obtained. The high-
pressure air lines induce a force on the balance which

must be calibrated out so that only the jet forces are
obtained. Each of the six nozzle sets calibrated on the JCR

were mounted so that their thrust was directly in line with

the balance axial gage. The six-component strain-gage
balance was mounted on the JCR with the axial gage
perpendicular to the floor.

The calibration of the JCR consisted of determining the

effect of the rig components on the balance. Pressurizing
the coils (when running) may produce a small force in the

balance normal direction and possibly a small amount in

the axial direction (trying to unwind the coils). Since the
coil system is symmetrical, no forces should be seen on

the balance side force or rolling moment gages as the coils

are pressurized. This hypothesis was conf'trmed by the
calibration data.

The first step in calibrating the JCR was to load only the

axial gage to determine the measured versus applied load

curves (fig. 10) for the axial gage with and without pres-
sure in the coils. Figure 10 shows no effect of pressure but

a +2 percent shift in the calibration slope. This discrep-
ancy was accounted for in the thrust calculations.

Figure 11 shows the effect of coil pressure (166 psig

maximum) on the NI and N2 normal-force gages and the

axial gage. The axial gage shows negligible effects from a
coil pressure of 166 psig. However, the normal-force

gages show a linear effect with pressure. Figure 12 shows

the effect of combining coil pressure with normal loading

on the normal and axial-force gages. Data plotted in fig-

ure 12(a, b) are for both the loading and the unloading of
the N1 gage (applied normal load) in the normal-force

gage direction. Figure 12(c) shows the effect on the axial

gage from both coil pressure and normal loading. The

axial gage is unaffected by coil pressure, but is slightly

affected by a normal load. Slopes and offsets from these
plots were used to determine the corrections to the

balance output in computing actual nozzle thrust.

Nozzle Calibrations/Surveys

Nozzle calibrations and surveys used in the investigations

were conducted in the JCAHT facility on the JCR. There
were six nozzle arrangements calibrated (refer to tables 2

and 3 for a summary of nozzle descriptions, geometries,
and usage).

The JCR with nozzle-type 1 installed is shown in fig-

ure 5(b). Most of the nozzles were designed to be used in
the Langley wind tunnel model, which uses the same

delta-wing planform as the Ames model but contains an

upper surface shell. Because the plenum and nozzles had

to fit within this shell, the nozzles had to be fairly short. In

an attempt to improve flow quality in these short nozzles,
a perforated flow-distribution plate was installed a small

distance upstream from the nozzle exit. These nozzles

also used an adapter for installation on the HTR. For the

nozzle calibrations and surveys, the same nozzle, adapter,
and plenum assembly were mounted on the JCR as shown
in figure 5(b).

Surveys of the jet-exit flow were made using a Pitot probe

mounted on the jet-wake survey rig (fig. 5(a, b)). A con-
tinuous trace of the Pitot pressure reading was plotted as a

function of traverse position on an analog x-y plotter. The

general procedure for flow surveys consisted of taking

surveys across the jet at the exit plane. These surveys

were then used to assess the flow quality and determine if

alterations to the perforated plates were required. If alter-

ations were required, another flow survey was done to

determine the flow quality and document the changes. A

vertical traverse (z axis) was taken to document the decay
of the jet core flow as a function of the distance from the

nozzle exit. Additional pressure surveys were taken across
the jet flow at various distances downstream from the
nozzle exit.

To calibrate for nozzle thrust, the measured thrust (from

the JCR balance corrected for rig interactions) was plotted
against NPR. Nozzle total pressure was measured with a

total-pressure probe at the nozzle exit. Then the NPR was

plotted against nozzle reference pressure. These calibra-

tions were needed to calculate thrust because only the

nozzle reference pressures were measured when mounted
on the HTR.

Thrust calibrations from the JCR appeared to be linear

from NPRs of 1.5--6.23. The calibrations were expected to
be linear for NPRs greater that 1.89 since the nozzle was

choked and should respond linearly with a change in pres-
sure. The small nonlinearity present from an NPR of !.5

6



to 1.89waswithinthedata scatter of the calibration and
was not accounted for.

Each of the nozzles tested had a single porous plate at the
inlet of the nozzle with the exception of nozzle-type 3

(twin jets, 3.9 in. spacing) which had three sets of porous

plates to help provide a good exit-pressure distribution.

Nozzle.types 1 and 2- These 1.2-in.-diameter circular

nozzles were the baseline nozzles used in the investiga-

tions and one is shown attached to the JCR in figure 5(b).

The nozzles were used separately in either the forward

(nozzle-type 1) position or the aft (nozzle-type 2) posi-
tion. Figure 13 shows a sketch of a 1.2-in.-diameter

nozzle, including the nozzle adapter and the perforated-

plate location. A pressure tap was installed about 0.1 in.

upstream from the nozzle contraction to provide a refer-
ence pressure for thrust calibrations. The nozzles have a

modified American Society of Mechanical Engineers

(ASME) nozzle-exit contour as shown in figure 14. The
thrust and NPR calibrations for the front and aft circular

nozzles (types 1 and 2) are presented in figure 15 and

show excellent agreement. These nozzles were also used

in the model tested in the Langley wind tunnel.

A pressure survey at the nozzle exit for nozzle types 1

and 2) is shown in figure 16 for various NPRs. Because of

the short distance available to develop the jet flow (from

the plenum exit to the perforated plate in the nozzle), it

was not possible to obtain a uniform or "top hat" total-

pressure distribution at the nozzle exit. However, the jet

decay curves (fig. 17) show a potential core up to about 5

or 6 jet diameters at subcritical pressure ratios, thus

generally indicating a good-quality jet. At supercritical

pressure ratios (NPR = 4 and 6) the shock cell structure is

apparent in the decay curves. The large drop in total
pressure immediately downstream from the exit and

subsequent oscillations are due to the pressure losses in

the plume-expansion region and across the normal shock

that existed in front of the Pitot probe.

Nozzle-type 3- These 0.87 in. diameter nozzles were

were available from a previous study and were used only

on the hover part of this study. These nozzles were used

as a pair and were attached to a plenum cover plate so that
the center-to-center (side-by-side) spacing of the nozzle

exits were 3.9 in. (fig. 18). These nozzles conform to the

ASME long-radius nozzle definition (fig. 19). Because

these nozzles had a relatively long flow-development

section and the distance from the plenum to the exit was

relatively long (14.4 individual jet diameters), the nozzles

were used without flow distribution plates. In contrast to

the shorter nozzles (types 1 and 2), the exit pressure

profiles for these nozzles were very uniform. The pressure

in the plenum, feeding the nozzle pair, was used as the

reference pressure for thrust and NPR calculations.

The thrust and NPR calibrations are shown in figure 20.

Thrust was calibrated for the pair since there was no way

to measure the thrust of the left and fight nozzles sepa-

rately. Separate flow (pressure) surveys were made for
each nozzle and show excellent agreement (fig. 21). This
indicates good flow distribution between the two nozzles.

The flow surveys made at various distances downstream

from the jet exit (fig. 22(a, b)) show that the jets are far

enough apart that their flows do not begin to merge until

about 15 diameters from the exit. The apparent loss in

total pressure in the middle of the jet at a height of 5 in.

(z/d = 5.8) and a NPR = 6.2 (fig. 22(b)) is due to the total-
pressure loss behind the normal shock that forms in front

of the Pitot tube in the supersonic flow.

Nozzle-type 4- These nozzles, with an exit diameter of

0.85 in. (fig. 23), were attached as a pair to a plenum plate

so that the center-to-center (side-by-side) spacing of the
nozzle exits was 2.52 in. They also had a modified ASME

nozzle contour (fig. 24). The plenum to which these

nozzles were attached was relatively small with a wire

mesh inside to help provide a more uniform flow into the

nozzles. The reference pressure tap was located in the

plenum. The thrust and NPR calibrations are shown in

figure 25. Again, as with the 3.9-in.-spaced nozzles, the

thrust calibration was done for the pair. Separate flow
surveys were done for each of the nozzles at the exit plane

(fig. 26) with the pressures measured on the centerlines

showing excellent agreement. The flow surveys made at

various distances downstream from the exit (fig. 27(a, b))

indicate that merging of the nozzle flow begins at

6-10 diameters downstream. As with the 3.9-in.-spacing

jets, the apparent pressure loss in the center of the flow for

the NPR = 6.2 case (fig. 27(b)) is due to the total-pressure
loss behind the normal shock that forms in front of the

Pitot probe.

The jet-decay curves (fig. 28) show a potential core of

5-6 nozzle diameters at subcritical pressure ratios, thus

indicating good quality flow. At supercritical pressure

ratios (NPR = 4 and 6), the shock cell structure is apparent

in the jet-decay curves. The large drop in total pressure

immediately downstream from the exit and the subsequent

oscillations are due to the pressure loss across the normal

shock located in front of the Pitot probe.

These nozzles were also used in the model at the Langley
wind tunnel.

Nozzle-types 5 and 6-- These rectangular nozzles are

shown in figure 29. Each nozzle had the same exit
dimensions of 0.613 in. x 1.840 in. with a contoured wall

section along the long edge and a flat wall section along

the short edge leading to the exit plane. The contoured

nozzle section is shown in figure 30. A porous plate was
located at the entrance of the nozzle. The thrust and NPR

7



calibrationcurves(fig.31)showthattheaftnozzle
(type5)hadaslightlylowerthrustthantheforward
nozzle(type6).Thesethrustdifferencesweretakeninto
accountwhensettingandcomputingthethrustandNPR
ofthefrontandaftnozzlesduringmodeltesting.The
porousplatesatthenozzleentranceweremodifiedto
increasetheflowatthenarrowends.Theexitpressure
distributions(figs.32and33)showlowerflowatthe
narrowendsoftherectangularnozzles.Thesewerethe
bestprofilesattainablewithoutredesign.Althoughthe
flowdistributionatthenozzleexitplanemaynothave
beenideal,thesurveysatvariousdistancesdownstream
fromtheexit(fig.34(a-d))andthedecaycurves(fig.35)
indicatedrelativelygoodqualityflow.

Thetype5and6nozzleswerealsousedinthemodel
attheLangleywindtunnel.

Comparison of Jet Decay Rates

A jet issuing into still air mixes with the surrounding air
and decays as shown by the data in figures 17, 28, and 35.

Kucheman and Weber (ref. 5) have shown that close to

the exit the mixing does not penetrate to the centerline,

thus leaving a full velocity core (potential core) for a
distance of about six nozzle-exit diameters for subsonic

jets. Beyond this point, the mixing causes the velocity on

the center axis to decrease in direct proportion to the

distance. The dynamic pressure sensed by the Pitot probe

will therefore be inversely proportional to the square of
the distance from the exit plane.

The decay curves for the jets from the four nozzle sets of

the present investigation have been replotted using a log-

log scale and are shown in figure 36(a)(c-e). Similar data

for a 1.23 in. diameter nozzle from a previous test are also

included (fig. 36(b)). As expected, beyond the end of the

potential core the ratio of the total pressure measured by

the Pitot probe to that of the nozzle is inversely

proportional to the square of the distance from the exit.

This decay relationship should be true at all NPRs.

However at NPRs above 1.89, where supersonic flow is

generated, the total pressure loss behind the normal shock

that forms in front of the Pitot probe indicates lower pres-

sures than are actually present. At these conditions, the

inverse square relationship can only be seen at greater
distances from the nozzle exit where the flow has become

subsonic. At these higher NPRs, the decay curves are

shifted to the right indicating that the "'effective"

potential-core length increases with NPR.

The decay curves for a J-85 jet engine with several nozzle

configurations were measured in reference 6 and have

been replotted in figure 37(a-c). Again, as with small

cold-air jets (fig. 36(a-e)) the jet dynamic pressure decays

with the square of the distance from the nozzle exit, and

the potential-core length increases with nozzle pressure

ratio. The exception to the inverse square relationship

occurs with the four-nozzle configuration. Beyond a
distance of seven effective diameters (14 individual jet

diameters) the decay rate decreases (probably because the
closely spaced jets are beginning to merge into a single

jet).

The effective-core lengths for the various nozzles are

compared in figure 38(a, b). The effective-core lengths for

the J-85 engine powered nozzles (at a given NPR) are less

than for the small cold-air driven jets probably because of

the greater distortion of the exit dynamic-pressure distri-

bution (top of fig. 38(a)). The short-nozzle J-85 configura-

tion exhibits a large drop in pressure at the center because

of the wake of the turbine disk fairing in the flow. If the

decay curves were nondimensionalized by an area-

weighted average of the exit dynamic-pressure distribu-

tion, the core lengths would probably be much closer.

The effective-core lengths of all of the circular nozzles

increase with the 1/4 power of the NPR. However, the

effective-core length of the rectangular nozzle increases

with the 1/6 power. These power laws appear to fit at both

subcritical and supercritical NPRs.

Model Test Results

All the model test data are presented in the appendix.

Since all test runs were done with cold, dry high-pressure

air flowing through the nozzles, temperatures at the nozzle

exits were often below freezing (32 OF). When running for

a prolonged period of time, ice formed on the outside of

the nozzles. In some cases this ice actually closed the gap
between the nozzles and the model. Balance data for run

points where this occurred are not presented. The nozzles

and model were frequently de-iced and the gap clearances

were carefully watched. However, there could be a few

run points where the balance data was biased due to ice

bridging the gap. Any large discrepancies found between

the integration of the pressure data and the balance data

(presented at the end of each data listing in the appendix),

especially the pitching-moment data, might be due to

unnoticed icing problems.

It should also be noted that the resolution of the pitching
moment is about five times coarser than the lift measure-

ments. Pitching moment is determined by the two 500 lb

normal-force gages, as opposed to the 100 Ib axial 0ift)

gage. Unfortunately, many of the test conditions produced

small pitching moments that could not be measured as

accurately as the lift forces.



Modeltestresultson the effects of three parameters are

briefly discussed here. These parameters are: jet spacing
(8, 12, 16, 2.5, and 3.9 in.), planform size, and NPR. Both

balance and pressure data are used in discussing these

parameters. Most of the pressure data are presented using
contour plots that show lines of constant pressure

coefficient on the model undersurface. The pressure

coefficient used is defined as Ap/qjet , where qjet is the
calculated incompressible-jet dynamic pressure given by

qjet = T/(2 * Ajet).

In each of the contour plots, the solid contour lines

indicate positive pressures and the dotted lines represent

negative pressures. Nominally, the difference between

contour lines was 1, or Cp = 0.001, since the data were
multiplied by 1000 before plotting. In some cases, the
difference between contour lines was increased to make

the plot more readable. The Cp contours were generated
over the entire model undersurface by reflecting the

pressure information about the longitudinal axis of the

planform. For configurations in which the pressure taps
crossed the model symmetry, pressure information was

used directly (the pressure-tap counterparts from the other

side of the planform were not reflected).

As a result of a limitation in the plotting process, some of

the contour plots show contour lines extending slightly

outside the model planform. In order to generate the
contour plots, the pressure data had to be in a rectangular,

or "regular," grid format. Because the pressure taps were

not laid out in a regular pattern, a representative regular

pattern had to be generated. The values of the regular grid
points were determined by a weighted interpolation

scheme stated by

where

zi

Di

w

n

n

D.W

Zj k = i=l 1

I
i=l Dw

is the value to be computed for node jk of the grid

is value of an irregular point

is the distance from the node jk to the irregular

point Zi

is the weighting factor (2.0 for this analysis)

is the number of irregular points that fall in the

"search area" for the irregular points Zi. In this

analysis, the search area is two cells to the left,

two cells to the right, two cells above, and two
cells below.

Since values for the regular grid points were determined
based on data from the immediate area, some grid points

just outside the planform were assigned values. Because
the original data points did not normally lie on the regular

grid points, the original data values were not usually

preserved. This was especially true for large narrow peaks
in some of the data. The actual maximum and minimum

Cp values are therefore supplied with most of the contour
plots. These values came directly from the data listed in
the appendix.

Jet Spacing

The effect of the relatively large forward to aft jet spacing

was looked at only for the two-jet delta-wing configura-

tion. These effects are shown in figure 39(a--c). Pressure

data from the model's undersurface is plotted for the 8,

12, and 16 in.jet spacing at NPR = 2 and h/D e = 2.36

(h = 4 in.). These figures show that the fountain flow is

intense, but relatively small at the close jet spacing,

spread out, but smaller in magnitude at the intermediate

12 in. spacing, and actually quite large, both in area and

magnitude, with the wider 16 in. spacing. Figure 40 shows

the corresponding balance and integrated pressure data.
This data shows an increase in suckdown for the 12 in. jet

spacing, which can probably be attributed to the reduced

fountain strength (fig. 39(b)). The cause for the large
differences between the balance and pressure data at a jet

spacing of 16 in. in figure 40(a) and at a jet spacing of

8 in. in figure 40(b) is unknown. The unsteady nature of
the flow field and the slowness of the mechanical

scanivalves may possibly be a cause for this difference as

the pressure ports are scanned in sequence, taking about

1.5 min, as opposed to an instantaneous acquisition.

Also note in figure 39(a---c) the large negative pressures in

between the jets and the fountain. These are generated by
a vortex structure located in this same area and extends to

the ground. As the jet spacing is reduced, the negative

pressures tend to become more negative. This indicates an

increase in the strength of the vortex structures. This trend

tends to hold true until the jet spacing is reduced to a point
where the vortex structure between the fountain and the

jets seems to disappear.

The model surface pressures of the closer 2.5 and 3.9 in.

jet spacing are shown in figure 41(a, b). Data from the

configuration with a pair of 2.5 in. spaced jets at various

heights at a NPR of 2.0 are shown in figure 41 (a). Fig-

ure 41(b) shows data from a configuration with a pair of

3.9 in. spaced jets at the same test conditions. Although

the maximum and minimum pressures are generally larger



atthe lower heights for the configuration with 2.5 in. jet

spacing, the fountain loses its effectiveness quicker than

with the 3.9 in. spaced jets. Balance and pressure data

(fig. 42) shows that the 2.5 in. jet spacing configuration

has more suckdown than the 3.9 in. jet spacing

configuration.

During testing, plots of the actual pressure data between
the 2.5 in. spaced jets (fig. 43) showed that the flow was

not always symmetrical as was the case for the 3.9 in.

(fig. 41(b)) and wider spaced two-jet configurations. The

same pressure distribution also shows that the usual vor-

tex (wide negative-pressure regions) between the jets and
the fountain does not exist with the 2.5 in. jet spacing

configuration. Instead, there is almost exclusively a

positive-pressure region spanning between the jets. From

the contour plots of figure 41(a), it appears that the maxi-

mum pressures are skewed at an angle between the jets. It

was thought that this skewing may have been caused by
differences in nozzle thrust. Previously, the JCR showed

excellent agreement between the nozzles (figs. 25-27). A

total-pressure probe was mounted at the center of the jet
exit for each nozzle, to make sure that the nozzle pres-

sures (and thrusts) were symmetric. As can be seen in fig-

ure 44, the pressures of each nozzle are in almost perfect

agreement. This may indicate that, in this case, the model

flow structure was very sensitive to small changes in jet

flow structure or model--ground geometry.

Planfonn Size

The planform shape can also greatly affect the overall

lift loss and pitching moments acting on an aircraft,

especially close to the ground. Figure 45(a-h) compares

the effects of planform shape between a small rectangular

planform enclosing the nozzles and the delta-wing

configuration. The fore/aft jet spacing is 8 in. Comparing

the Cp contours between the planforms shows that the
positive pressures in the fountain region are quite similar,

except at the top height. However, the negative pressures

on similar regions of the planforms are not similar and

will equalize with a Cp approaching zero at the planform
edges. The area in which negative pressures can act on

figure 45(b) is much smaller than the area in which nega-

tive pressures can act on figure 45(a), where there is a

more gradual equalization of Cp over the larger space from
the jets to the planform edge. This larger area where the

negative pressures can act tends to increase the overall

configuration suckdown and results in a nose-up pitching
moment at the lower heights (fig. 46). Also, the fountain

pressures on the belly of the model tend to move forward

at the edge of the planform (fig. 45(a-f)(h)). It is interest-

ing to note that at the top height, h/D e = 5.89, the fountain

under the smaller rectangular planform (fig. 45(h)) is still

evident, while no fountain is evident under the delta-wing

planform (fig. 45(g)).

Similar data are shown for the three-jet configuration in

figure 47(a-j), but at a 12 in. fore/aft jet spacing. Fig-

ure 48 shows the corresponding balance and integrated

pressure data. Data for this configuration were obtained at

h/D e as low as 1.18 (h = 2 in.). At these low heights, the
larger delta-wing planform had greatly reduced fountain

pressures and increased negative pressures (also indicated

by the plots of fig. 48 showing increased suckdown and

pitching moments for the delta wing) compared to the

rectangular planform (fig. 47(a, b)). Even though only the

jet spacing was changed between this and the previous

configuration (fig. 45), the Cp distribution is quite differ-
ent. However, the resultant jet-induced loads are very

similar as shown in figure 49, which shows the difference
in balance data between the 8 and 12 in. jet spacing con-

figurations. With the wider (12 in.) fore/aft jet spacing,
the fountain on the model undersurface is skewed toward

the front jets at the low heights and moves aft as height is

increased. More specifically, the fountain center region
moves aft as model height is increased, but the outer

region of the fountain appears to stay in the same place.
This may indicate that the fountain flow is not perpendic-

ular to the ground plane, but at some angle that may or

may not vary with height. This could be the case if the

ground flow from the aft jet penetrates farther along the

ground. Then, if the fountain flow between the two front

jets penetrates farther aft (as distance from the ground is

increased) it could "push" the center of the main fountain

flow of the three-jet pattern aft, thus creating the

"horseshoe" pattern at intermediate fountain heights as

shown in figure 47(e-h)(j).

Nozzle Pressure Ratio

Another parameter of the jet-induced characteristics is

NPR. Figure 50(a--c) and 51 (a--c) show the effect of N'PR

for two- and three-jet delta-wing configurations with the

same 12 in. fore/aft jet spacing at h/De= 3.54 (h = 6 in.).

It appears that the planform's undersurface pressure-
contour structures and magnitudes changed little with
NPR. The same conclusion can be drawn from the nondi-

mensionalized balance data shown in figure 52(a) for the

jet-induced lift increment. However, the pitching moment

seems to have a larger variation (and data scatter),

especially at NPR = 6.

Concluding Remarks

This report presented hover data obtained at the Ames

JCAHT facility for a parametric flat-plate model. The

model tested was a flat-plate design that allowed
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variationsinplanformaspectratio,numberofjets,nozzle
shape,andjetlocation.Therewere3i differentplanform-
nozzleconfigurationstested.Eachconfigurationhad
numerouspressuretapsinstalledtomeasurethepressures
onthemodelundersurface.All pressuredata,alongwith
thebalancejet-inducedlift andpitchingmomentincre-
ments,aretabulated.Forselectedruns,pressuredatawas
presentedintheformofcontourplotsthatshowlinesof
constantpressurecoefficientonthemodelundersurface.
Nozzlethrustcalibrationsandjet-flow-pressuresurvey
informationwerealsoprovided.

Asexpected,jetspacingandlayouthadasignificant
effectonjet-inducedlift lossandpitchingmoments.
Unexpectedly,the12in.fore/aftspacedtwo-jetconfigura-
tionhadmoresuckdownthaneitherthe8in.or16in.
spacedtwo-jetconfiguration.Inaddition,theveryclosely
spaced(2.5in.)two-jetconfigurationdidnothavethe
usualvortex(widenegativepressureregions)inbetween
thejetsandthefountain.At lowheights,the2.5in.
spacedjetconfigurationhadaveryskewed,nonsymmet-
ricalhigh-pressureorfountainregionbetweenthejets.
Thismayindicatethat,inthiscase,themodelflow
structurewasverysensitivetosmallchangesinjetflow
structureormodel-groundgeometry.

ComparingtheCpcontoursamongtheplanformsforthe
8in.,12in.,and16in.fore/aftjetspacingshowsthatthe
positivepressuresinthefountainregionarequitesimilar,
exceptatthetopheights.However,thenegativepressures
onsimilarregionsoftheplanformsarenotsimilarand
willequalizewithaCpapproachingzeroattheplanform
edges.Forsomeofthethree-jetconfigurations,a"horse-
shoe"shapedfountain(highpressureregion)was
observedonthemodelundersurface.

It appearsthattheplanform'sundersurfacepressure-
contourstructureandmagnitudeschangedlittlewith
NPR.

Datapresentedinthisreportaddssignificantlytothe
currentSTOVL-configurationsdatabase.Furtherdevel-
opmentofempiricalpredictionmethodsforjet-induced
forcestoprovideformoreconfigurationdiversityand
improvedoverallaccuracy,aswellasthevalidationof
CFDcodes,dependonthisdatabase.
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Figure 1. Flow structure around a short takeoff and vertical landing (STOVL) aircraft in ground effecL

12



Roll-up door (open during operation)

/
!

JCAHT high-bay area
Sliding door I

(closed during operation) Hover I

_4"s.s. , FI ,/test rig I
/ tub'ngC_GR''_lIL I_ ,0,u.o0.e I

/ IIT_II_ '°und_,a.e I
/ , wk II I,"1_-_----_'_'sstub'ngI _

I I ,," ,_" z/I I I"% _"s-s.'u=ngI
I I ' , I _ 2"Insulated I 11111 (insulated) I

/_t I I / /j.I -_''_- flex lines I I'I _ I I

"_" F-'----I I /- I ,- ...... I II I I
cal,bration Ir-_l !," _," ,---;--rll I I I I

• 7_ // /
rig_l I ii ,, I/., till II .I I

" "" I/   .,hpreesuII / I I I..... _ il i,,
_i_ ! i I , 2"Flex l I 'J I . I

Steel / "_ 'I ' I , lines I I I// I
scattershiel_ _ _, !1 ! / I H 1

HI .... V.ouumI'111 II I I
I ! I I I I I I 3000psi

cgg2rg' /'1 IIII I I ,,r.u,,,,r,n,I _

/luHl I  lil
I I I Inlet suction

/ _ system

_, 62ft _ !
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Figure 3. The hover test rig (HTR) support with a delta-wing configuration attached.

Figure 4. Delta-wing configuration with the 8 ft × 8 ft ground plane in close proximity.
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(a) General arrangement.

Figure 5. Jet calibration fig (JCR) set used for thrust calibrations and jet flow surveys.
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(c) 3.8-in-spaced side-by-side nozzles.

Figure 5. Concluded.
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(a) Delta-wing planform section.

(b) Rectangular planform sections.

Figure 6. Planform sections for model configurations.
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8" Jet spacing 12" Jet spacing 16" Jet spacing

0 O

3.8" Jet spacing

2.5" Jet spacing

(a) Two-jet configurations, circular jets.

Figure7. Summary of configurations tested.
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8" Jet spacing 12" Jet spacing 16" Jet spacing

(b) Two-jet configurations, rectangular jets.

8" Jet spacing 12" Jet spacing 16" Jet spacing

(c) Three- and four-jet configurations, circular jets.

Figure 7. Concluded.
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Figure 8. Pressure-tap layout for the two-jet delta wing configuration (2C_ 12_O_DW).
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Figure 9. Pressure-tap layout showing pressure taps between side-by-side jets (4C_ 12_2.5/3.9_ 16/8).
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Figure 13. 1.2-in.-diameter nozzle and nozzle adapter;, nozzle-types I and 2.
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calibration of the 3.9-in.-spaced side-by-side (type 3)
nozzles.
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Figure 21. Exit total-pressure profiles for the 3.9-in.-spaced side-by-side (type 3) nozzles.
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Figure 22. Total-pressure profiles at varfous distances downstream from the exits for the 3.9-in.-spaced side-by-side

(type 3) nozzles.
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Figure 24. Exit contour details for nozzle-type 4.
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Figure 25. Thrust and nozzle pressure ratio (NPR) calibration of the 2.52-in.-spaced side-by-side (type 4) nozzles.
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Figure 26. Exit total-pressure profiles for the 2.52-in.-spaced side-by-side (type 4) nozzles.
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Figure 27. Total-pressure profiles at vadous distances downstream from the exits of the 2.52-in.-spaced side-by-side
(type 4) nozzles.
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Figure 28. Jet-decay curves for the/eft jet of the 2.52-in.-spaced side-by-side (type 4) nozzles.
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Figure 35. Jet-decay curves for the forward rectangular jet (type 6).
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Figure 38.
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Figure 38. Concluded.

(a) 8-in.-jet spacing (R187P7), Cpmax = 0.0188, Cpmin = -0.0260.

Figure 39. Contours of cp'1000 induced on the model undersurface for a two-jet delta-wing configuration showing the

effect of jet spacing. Nozzle pressure ratio (NPR) = 2, h/D e = 2.36 (h = 4 in.).
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(b) 12-in.-jet spacing (R199PT), Cpmax = 0.0121, Cpmin = -0.0227.

i,'.... ,"I _

(c) 16-in.-jet spacing (R235P7), Cpmax = 0.0126, Cpmin =-0.0151.

Figure 39. Concluded.
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Figure 40. Balance and pressure data comparing jet spacing two-jet delta-wing configuration. Forward jet at the same

location, h/D e = 2.36 (h = 4 in.). Nozzle pressure ratio (NPR) = 2. (a) Jet-induced lift increments, (b) jet-induced pitching
moment increments.
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Figure 41. Contours of Cp*lO00 induced on the model undersurface by two closely spaced jets. Nozzle pressure ratio

(NPR) = 2.
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Figure 42. Balance and pressure data comparing the 2.5 in. and 3.9 in. jet spacing for the 12/8 aspect-ratio p/anform.
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Figure 43. Pressure coefficients between the side-by.side nozzles (X = 0 in.) for the 2C_0_2.5_ 12/8 configuration at

nozzle pressure ratio (NPR) = 2, 4, and 6.
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Comparison of nozzle exit pressure for the right and left nozzles of the 2C_0_2.5_ 12/8 configuration.
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(b)

,i,:_,', ,,,,__ _o1,

Figure 45. Contours of Cp"1000 on the model undersurface induced by an 6 in. spaced forward/aft three-jet arrangement
for two different planforms. Nozzle pressure ratio (NPR) = 2 on all jets. (a) 3C_8_2.5_DW (R260P8), h/De = 2.35

(h = 4 in.), Cprnax = 0.0206, Cpmin = -0.0211, (b) 3C_8_2.5_12/8 (R268P6), h/De = 2.35 (h = 4 in.), Cpmax = 0.0256,

Cpmin = -0.0243.
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(c)

(d)

Figure 45. Continued. (c) 3C_8_2.5_DW (R260PT), h/D e = 3.53 (h = 6 in.), Cpmax = 0.0121, Cpmin = -0.0191,

(d) 3C_8_2.5_12./8 (R2.68Pg), hiD e = 3.53 (h = 6 in.), Cpmax = 0.0168, Cprnin = -0.0245.
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Figure 45. Continued. (e) 3C_8_2.5_DW (R260P6), h/D e = 4.71 (h = 8 in.), Cpmax = 0.0093, Cpmin = -0.0115,

(f) 3C_8_2.5_12/8 (R268PS), h/De = 4.71 (h =8in.), Cpmax = P.O098 , Cpmin =--O.0184.
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Figure 45. Concluded. (g) 3C_8_2.5_DW (R260P5), h/De = 5.89 (h = 10 in.), Cpmax= -0.0003, Cpmin= -0.0065,
(h) 3C_8_2.5_12/8 (R2.68P4),h/De = 5.89 (h = 10in.), Cprnax= 0.0055, Cpmin=-0.0116.
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Figure 46. Balance and pressure data comparing planforrn shape for the three-jet, 8 in. spaced configuration. Nozzle

pressure ratio (NPR) = 2. (a) Jet-induced lift increments, (b) jet-induced pitching-moment increments.
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(b)

Figure 47. Contours of cp'lO00 on the mode/undersurface induced by a 12 in. spaced fore�aft three-jet arrangement

for two different planforms. Nozzle pressure ratio (NPR) = 2 on all jets. (a) 3C_ 12_2.5_DW (R271P l O), h/D e = 1.18

(h = 2 in.), Cpmax = 0.0571, Cpmin = -0.0523, (b) 3C_ 12_2.5_ 16/8 (R274P10), h/D e = 1.18 (h = 2 in.), Cpmax = 0.0540,
Cpmin = -0. 0400.
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Figure 47. Continued. (c) 3C_122.5_DW (R271P9), hid e = 1.77 (h = 3 in.), Cprnax = 0.0149, Cpmin =-0.0214,

(d) 3C_ 12_2.5_ 16/8 (R274P9), h/D e = 1.77 (h = 3 in.), Cpmax = 0.0130, Cpmin = -0.0166.
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(f)

Figure 47. Continued. (e) 3C_ 12_2.5_DW (R271P8), h/De = 2.35 (h = 4 in.), Cpmax = 0.0046, Cpmin = -0.0126,
(f) 3C_ 12_2.5_ 16/8 (R274P8), h/De = 2.35 (h = 4 in.), Cpmax = 0.0079, Cpmin = -0.0104.
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Figure 47. Continued. (g) 3C_ 12_2.5_DW (R271PT), h/De = 3.53 (h = 6 in.), Cpmax = 0.0041, Cpmin= -0.0125,
(It) 3C_ 12_2.5_16/8 (R274PT), h/De = 3.53 (h = 6 in.), Cpmax= 0.0078, Cpmin= -0.0101.
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Figure 47. Concluded. (i) 3C_ 12_2.5_DW (R271P5), hiD e = 5.89 (h = 10 in.), Cpmax = 0.0004, Cpmin = -0.0094,

0") 3C_12_2.5_16/8 (R274P5), h/De = 5.89 (h = lOin.), Cpmax = O.O035, Cpmin =--.O.O092.
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Figure 48. Balance and pressure data comparing planform shape for the three-jet, 12 in. spaced configuration. Nozzle

pressure ratio (NPR) = 2. (a) Jet-induced lift increments, (b) jet-induced pitching-moment increments.
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Figure 49. Balance data comparing forward�aft jet spacing and planform geometry. Nozzle pressure ratio (NPR) = 2.

(a) Jet-induced lift increments, (b) jet-induced pitching-moment increments.
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(a) Nozzle pressure ratio (NPR) = 2 (R199P6), Cpmax = 0.0085, Cpmin = -0.0180.

.:/,s :-._ ,,, , , ,, ,,- ,. ,, ,

.i. _ -- .,,

(b) Nozzle pressure ratio (NPR) = 4 (R20006), Cpm_ = 0.0076, Cpmin = -0.0161.

Figure 50. Contours of co °1000 induced on the model undersurface for a two-jet delta-wing configuration showing the
effect of nozzle pressure ra_o (NPR). 12 in.jet spacing, h/De = 3.54 (h = 6 in.).
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(c) Nozzle pressure ratio (NPR) = 6 (R201P6), Cpmax = 0.0073, Cpmin = -0.0197.

Figure 50. Concluded.

/,

(a) Nozzle pressure ratio (NPR) = 2 (R271P7), Cpmax = 0.0075, Cpmin = -0.0125.

Figure 51. Contours of cp*lO00 induced on the model undersurface for a three-jet delta-wing configuration showing the
effect of nozzle pressure ratio (NPR). 12 in. forward/aft jet spacing, h/D e = 3.53 (h = 6 in.).
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(b) Nozzle pressure ratio (NPR) = 4 (R272P7), Cpmax = 0.0047, Cpmin = -0.0127.

.1,o t

0o I .... _o

(c) Nozzle pressure ratio (NPR) = 6 (R273P6), Cpm,_ = 0.0044, Cpmin -- -0.0118.

Figure51. Concluded.
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Figure 52. Balance and pressure data as a function of nozzle pressure ratio (NPR) for the 2C. 12 0 DW and

3C_ 12_2.5_DW configurations; h/D e = 3.53 (h = 6 in.). (a) Jet-induced lift increments, (b) jet-induced pitching-

moment increments.
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Appendix

Force and pressure data for each of the 31 configurations
tested, including an extra pressure layout for the

2C_ 16_0_ 12/24 configuration (designated with an "X" at

the end of the name), are grouped by configuration and
are contained in this section. The configurations are

presented in the order tested. Each data set (group) for a

configuration has three parts. First is a 1:4 scale drawing

of that configuration with pressure-tap locations shown

(dots representing pressure taps show location only and do

not represent their actual size). Second is a table listing

each pressure-tap X and Y location, associated areas, and

moment arms of those areas (for integration) for each
configuration. Third are listings of pressure and balance

data for each configuration. Port numbers 92 and 158

were not installed in the model and do not appear in any

of the data or configuration setup listings.

Table 4 lists the run conditions for each of the

configurations tested. NPR and height numbers in the

table represent target set conditions. The actual test
conditions are provided in the data sets located in this

appendix. In some cases the forward and aft NPRs were

intentionally different in order to obtain some data on how

pitch control using nozzle thrust affects jet-induced lift

and pitch characteristics. Some single-jet data are
provided for the 2C 8 0 DW, 2C 12 0 DW, and

2R_8_0_DW configurations. The rest of the configura-

tions are variations on planform geometry (mainly aspect

ratio), nozzle arrangements, and nozzle geometry (circular

or rectangular).
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Table4. Summaryofrunconditionsandrelatedfigures

Configuration NPRf NPRa Height (in.) Runs Figure(s)

2C_8_0_DW - 2.0 20-4

- 4.0 30-4

2.0 2.0 30-4

4.0 4.0 30-4
6.0 6.0 30-4

2.0 2.0 4

1.95 2.05 4

1.90 2.10 4

2.10 1.90 4-10

1.90 2.10 10-4

1.95 2.05 4-10

4.0 4.0 10-4

3.9 4.1 4-10
4.1 3.9 10-4

3.8 4.2 4-10

6.0 6.0 10,6

5.5 6.4 6,10

6.5 5.6 10,6

185

186

187
188

189
190A

190A

190A

190B

190C

190D

191, P1-3

191, P4-6

191, P7-9

191,P10-12

191B, P13-14

191B, P15-16

191B, P17-18

39(a), 40

2C_8_0_ 12/8 2.0 2.0 30-2 192

4.0 4.0 30-3 193

6.0 6.0 30-4 194

2C 8_0_4/8 2.0 2.0 30-4 195

4.0 4.0 15-3 196

2C_8_0_4/24 2.0 2.0 15-2 197

4.0 4.0 15-3 198A

6.0 6.0 4-10 198B

2C_12_0_DW 2.0 2.0 30-3 199

4.0 4.0 30-4 200

6.0 6.0 30-5 201

1.9 2.15 10-4 202

1.78 2.25 10-4 203

1.98 2.07 10-4 204

3.68 4.4 20-4 205A, PI-6

4.0 4.0 15 205A, P7

5.67 6.45 10-5 205B

- 2.0 30-4 206

- 4.0 30-6 207

- 6.0 30-6 208

2.0 2.0 30-4 209

39(b), 40, 50(a), 52
50(b), 52

50(c), 52

2C_12_0_16/8 2.0 2.0 15-4 210
4.0 4.0 15-4 211

6.0 6.0 15-4 212

2.0 2.0 15-4 213, --4 deg ground plane tilt

2C_12_0_16/16 2.0 2.0 15-4 214
4.0 4.0 4-10 215
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Table 4. Continued

Configuration NPRf NPRa Height (in.) Runs Figure(s)

2C_ 12_0_ 16/24 2.0 2.0 30-4 216

4.0 4.0 30-4 217

6.0 6.0 30-6 218

2C 12 0 8/24 2.0 2.0 30-4 219

4.0 4.0 30-4 220

6.0 6.0 30-4 221

2C 16 0 12/24 2.0 2.0 30-4 222

2C 16 0 12/24X 2.0 2.0 30-4 223

4.0 4.0 30-4 224

6.0 6.0 30-5 225

2C 16 0 4/24 2.0 2.0 30-4 226

4.0 4.0 30-4 227

6.0 6.0 30-6 228

2C 16 0 8/24 2.0 2.0 30-4 229

4.0 4.0 30-4 230
6.0 6.0 15-4 231

2C 16 0._20/8 2.0 2.0 30-2 232

4.0 4.0 30--4 233

6.0 6.0 30-4 234

2C 16 0_DW 2.0 2.0 30-4 235

4.0 4.0 30-4 236

6.0 6.0 30-6 237

39(c),40

2R_ 16_0_DW 2.0 2.0 10,4 238

2.0 2.0 30--4 239

4.0 4.0 30-4 240
6.0 6.0 30-10 241

6.0 6.0 30-6 242

4.0 4.0 30-4 243

2R 12 0 DW 2.0 2.0 30-4

4.0 4.0 4-30

6.0 6.0 30-6

4.0 4.0 6

2.0 2.0 6

2.0 2.0 57.5-4

4.0 4.0 57.4-4

1.97 2.19 4-10

3.76 4.52 4-15

244 no L_PM/TDe data

245

246, P1-6

246, P7

246, P8
247

248

249

250

2R 12 0 16/8 2.0 2.0 57.5-2

4.0 4.0 57.5-4

6.0 6.0 4-10

251

252

253

2R 8 0 DW 2.0 2.0 57.5-4

4.0 4.0 20-4

- 2.0 57.5--4

254

255

257
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Configuration

Table 4. Concluded

NPRf NPRa Height (in.) Runs Figure(s)

2R 8 0 DW
m

4.0 57.5-4 258

6.0 57.5-4 259

3C_8 2.5_DW 2.0
4.0

6.0

2.0 57.5-3 260
4.0 57.5-4 261

6.0 57.5-6 262

45(a)(c)(e)(g), 46, 49

2C_0_2.5_12/8 2.0

4.0
6.0

D 30-2 263
30-3 264

30-3 265

41, 42, 43
43

43

3C_8 2.5_12/8 2.0

4.0

6.0

2.0

4.0

6.0

30-2

30-2

30-3

268

269

270

45(b)(d)(f)(h), 46, 49

3C_12_2.5_DW 2.0

4.0

6.0

2.0

4.0
6.0

57.5-2

57.5-3
30-4

271

272

273

47(a)(c)(e)(g)(i), 48, 49,
51(a), 52

51(b), 52
51(c), 52

3(212_2.516/8 2.0

4.0

6.0

2.0

4.0

6.0

57.5-2
30-3

30-3.2

274

275

276

47(b)(d)(f)(h)(j), 48, 49

3C 16_2.5_20/8 2.0

4.0
6.0

2.0

4.0
6.0

57.5-2

30-3
30-3

277

278
279

4C_16_2.5/3.9_20/8 2

4

6

57.5-2

30-3

3-30

280

281

282

4C_12__2.5/3.9__16/8 2

4

6

57.5-2

30-3

30-3

283

284

285

4C_8_2.5/3.9_ 12/8 2

4

6

57.5-2

30-3

30-3

286

287

288

2C_0_3.9_12/8 57.5-2

57.5-3

30-3

289

290

291

41, 42

3C_8_3.9_12/8 2

4

6

57.5-2

30-3

30-3

292

293

294

3(:_12_.3.9_16/8 2

4

6

57.5-2

30-2

30-3

295
296

297

3C_16_3.9_20/$ 2

4

6

57.5-2

30-2

30-3

298

299

300
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Pressure Orifice Locations and Weighting Factors

Conf.#2C 8 0 DW

Distance from balance center to moment reference point, Xo = 0

Orif. # Morn. arm Sta. y A.Area Sta. x
1 14.6 0 2.3 15
2 12.86 0 6.918 13
3 11 0 3 11
4 9 0 3 9
5 7 0 3 7
6 10.9 1.5 8.546 11
7 9 1.5 6 9
8 7 1.5 6 7
9 8.87 3 7.166 9
10 7 3 7 7
11 6.14 5 8.91 6
12 4 5 8 4
13 2 5 8 2
14 0 5 8 0
15 -2 5 8 -2
16 -4 5 8 -4
17 -6 5 8 -6
18 -8 5 8 -8
19 -10 5 8 -10
20 -11.91 5 8.06 -12
21 3.06 6.6 7.302 3.5
22 0 7 16 0
23 -4 7 16 -4
24 -8 7 16 -8
25 -11.31 7 10.484 -11.6
26 -0.765 8.5 9.904 0
27 -4 9 12 -4
28 -8 9 16 -8
29 -11.11 9 8.908 -11.2
30 -4 10 8 -4

31 -4.84 11 8.376 -4
32 -8 11 12 -8
33 -8 12 8 -8
34 -10.86 12 12.005 -10.6
35 -8.17 13 6.883 -8
69 5.85 0 0.634 5.85
70 5.5 0 0.683 5.5
71 5.15 0 0.683 5.15
72 4.8 0 0.619 4.8
73 3.2 0 0.619 3.2
74 2.85 0 0.683 2.85

75 2.5 0 0.683 2.5
76 2.15 0 0.634 2.15
77 4 0.8 1.238 4
78 5.5 1.5 3.19 5.5
79 4 1.5 3.825 4
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Conf.# 2C 8 0 DW, continued

Orif. # Mom. arm Sta.y A.Area
80 2.5 1.5 3.19
81 5.5 3 4.375
82 4 3 5.25
83 2.5 3 4.375
36 1.5 0 1.313
37 0.75 0 1.125
38 0 0 1.125
39 -0.75 0 1.125
40 -1.5 0 1.313
41 1.5 1.5 3.75
42 0 1.5 4.5
43 -1.5 1.5 3.75
44 1.5 3 4.375
45 0 3 5.25
46 -1.5 3 4.375
84 -2.15 0 0.634
85 -2.5 0 0.683
86 -2.85 0 0.683
87 -3.2 0 0.619
88 -4.8 0 0.619
89 -5.15 0 0.683
90 -5.5 0 0.683
91 -5.85 0 0.634
93 -2.5 1.5 3.19
94 -4 1.5 5.062
95 -5.5 1.5 3.19
96 -2.5 3 4.375
97 -4 3 5.25
98 -5.5 3 4.375
47 -6.5 0 1.313
48 -7.25 0 1.125
49 -8 0 1.125
50 -8.75 0 1.125
51 -9.5 0 1.313
52 -6.5 1.5 3.75
53 -8 1.5 4.5
54 -9.5 1.5 3.75
55 -6.5 3 4.375
56 -8 3 5.25
57 -9.5 3 4.375
58 -10.5 0 1.313
59 - 11.25 0 1.125
60 -12 0 1.125
61 -12.75 0 1.125
62 -13.5 0 1.313
63 -10.5 1.5 3.75
64 -12 1.5 4.5
65 -13.5 1.5 3.75

66 -10.5 3 4.375
67 -12 3 5.25
68 -13.5 3 4.375

Sta. x

2.5
5.5
4
2.5
1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.15
-2.5
-2.85
-3.2
-4.8
-5.15
-5.5
-5.85
-2.5
-4
-5.5
-2.5
-4

-5.5
-6.5
-7.25
-8
-8.75
-9.5
-6.5
-8
-9.5
-6.5
-8
-9.5

-10.5
- 11.25
-12
-12.75
-13.5
-10.5
-12
-13.5
-10.5
-12
-13.5
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Figure 54 Configuration 2C_8_0_ 12/8; De = 1.697 in, Ajet = 2.26 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C 8 0 12/8

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y A.Area Sta. x
69 5.85 0 0.634 5.85
70 5.5 0 0.683 5.5
71 5.15 0 0.683 5.15
72 4.8 0 0.619 4.8
73 3.2 0 0.619 3.2
74 2.85 0 0.683 2.85
75 2.5 0 0.683 2.5
76 2.15 0 0.634 2.15
77 4 0.8 1.238 4
78 5.5 1.5 3.19 5.5
79 4 1.5 3.825 4
80 2.5 1.5 3.19 2.5
81 5.5 3 4.375 5.5
82 4 3 5.25 4
83 2.5 3 4.375 2.5
36 1.5 0 1.313 1.5
37 0.75 0 1.125 0.75
38 0 0 1.125 0
39 -0.75 0 1.125 -0.75
40 -1.5 0 1.313 -1.5
41 1.5 1.5 3.75 1.5
42 0 1.5 4.5 0
43 -1.5 1.5 3.75 -1.5
44 1.5 3 4.375 1.5
45 0 3 5.25 0
46 - 1.5 3 4.375 - 1.5
84 -2.15 0 0.634 -2.15
85 -2.5 0 0.683 -2.5
86 -2.85 0 0.683 -2.85
87 -3.2 0 0.619 -3.2
88 -4.8 0 0.619 -4.8
89 -5.15 0 0.683 -5.15
90 -5.5 0 0.683 -5.5
91 -5.85 0 0.634 -5.85
93 -2.5 1.5 3.19 -2.5
94 -4 1.5 5.062 -4
95 -5.5 1.5 3.19 -5.5
96 -2.5 3 4.375 -2.5
97 -4 3 5.25 -4
98 -5.5 3 4.375 -5.5
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Figure 55. Configuration 2C_8__0_4/8; D e = 1.697 in., Aje t = 2.26 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C 8 0 4/8

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y A.Area Sta. x
36 1.5 0 1.313 1.5
37 0.75 0 1.125 0.75
38 0 0 1.125 0 -0.1
39 -0.75 0 1.125 -0.75
40 -1.5 0 1.313 -1.5
41 1.5 1.5 3.75 1.5
42 0 1.5 4.5 0 -0.1
43 -1.5 1.5 3.75 -1.5
44 1.5 3 4.375 1.5
45 0 3 5.25 0 -0.1
46 - 1.5 3 4.375 - 1.5
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Figure 56. Configuration 2C_8__0_4/24; De = 1.697 in., Ajet = 2.26 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C 8 0 4/24

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y A.Area Sta. x
36 1.5 0 1.313 1.5
37 0.75 0 1.125 0.75
38 0 0 1.125 0
39 -0.75 0 1.125 -0.75
40 -1.5 0 1.313 -1.5
41 1.5 1.5 3.75 1.5
42 0 1.5 4.5 0
43 -1.5 1.5 3.75 -1.5
44 1.5 3 4.375 1.5
45 0 3 5.25 0
46 - 1.5 3 4.375 - 1.5
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Pressure Orifice Locations and Weighting Factors

Conf.#2C 12 0 DW

Distance from balance center to moment reference point, Xo = 2

Orif. # Morn. arm Sta. y A.Area Sta. x
1 16.6 0 2.3 17
2 14.86 0 6.918 15
3 13 0 3 13
4 11 0 3 11
5 9 0 3 9
6 13 1.5 8.546 13
7 11 1.5 6 11
8 9 1.5 6 9
9 10.87 3 7.166 11
10 9 3 7 9
11 8.14 5 8.91 8
12 6 5 8 6
13 4 5 8 4
14 2 5 8 2
15 0 5 8 0
16 -2 5 8 -2
17 -4 5 8 -4
18 -6 5 8 -6
19 -8 5 8 -8
20 -9.91 5 8.06 -10
21 5.06 6.6 7.302 5.5
22 2 7 16 2
23 -2 7 16 -2
24 -6 7 16 -6
25 -9.31 7 10.484 -9.6
26 1.235 8.5 9.904 2
27 -2 9 12 -2
28 -6 9 16 -6
29 -9.11 9 8.908 -9.2
30 -2 10 8 -2
31 -2.84 11 8.376 -2

32 -6 11 12 -6
33 -6 12 8 -6
34 -8.86 12 12.005 -8.6
35 -6.17 13 6.883 -6
69 7.85 0 0.634 7.85
70 7.5 0 0.683 7.5
71 7.15 0 0.683 7.15
72 6.8 0 0.619 6.8
73 5.2 0 0.619 5.2
74 4.85 0 0.683 4.85
75 4.5 0 0.683 4.5
76 4.15 0 0.634 4.15
77 6 0.8 1.238 6
78 7.5 1.5 3.19 7.5

79 6 1.5 3.825 6
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Conf.# 2C_12_0_DW,continued

Orif. # Morn.arm Sta.y
80 4.5 1.5
81 7.5 3
82 6 3
83 4.5 3
47 3.5 0
48 2.75 0
49 2 0
50 1.25 0
51 0.5 0
52 3.5 1.5
53 2 1.5
54 0.5 1.5
55 3.5 3
56 2 3
57 0.5 3
36 -0.5 0
37 - 1.25 0
38 -2 0
39 -2.75 0
40 -3.5 0
41 -0.5 1.5
42 -2 1.5
43 -3.5 1.5
44 -0.5 3
45 -2 3
46 -3.5 3
84 -4.15 0
85 -4.5 0
86 -4.85 0
87 -5.2 0
88 -6.8 0
89 -7.15 0
90 -7.5 0
91 -7.85 0
93 -4.5 1.5
94 -6 1.5
95 -7.5 1.5
96 -4.5 3
97 -6 3
98 -7.5 3
58 -8.5 0
59 -9.25 0
60 -10 0
61 -10.75 0
62 -11.5 0
63 -8.5 1.5
64 -10 1.5

65 - 11.5 1.5
66 -8.5 3
67 -10 3
68 -11.5 3

A.Area
3.19
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
0.634
0.683
0.683
0.619
0.619
0.683
0.683
0.634
3.19
5.062
3.19
4.375

5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5

3.75
4.375
5.25
4.375

Sta. x

4.5
7.5
6
4.5
3.5
2.75
2
1.25
0.5
3.5
2
0.5
3.5
2
0.5

-0.5
-1.25
-2
-2.75
-3.5
-0.5
-2
-3.5
-0.5
-2
-3.5
-4.15
-4.5
-4.85
-5.2
-6.8
-7.15
-7.5
-7.85
-4.5
-6
-7.5
-4.5

-6
-7.5
-8.5
-9.25

-10
-10.75
-11.5

-8.5
-10

-11.5
-8.5

-10
-11.5
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Moment reference point

P4

It69 72 73 76

_,,o_._._oo,

81 82 83

Balance center

/

14s7 8891
471491 51 I/"'_

• • • • . ..._)....
22 23 _ •93 •94 95•

55 56 57

37
36138,,/I" 4oi

41 42 43

44 45 46 96 97 98

Figure 58. Configuration 2C_ 12 0 16/8; De = 1.697 in., Aje t = 2.26 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf.#2C 12 0 16/8

Distance from balance center to moment reference point, Xo = 2

Orif. # Morn. arm Sta. y &Area Sta. x
69 7.85 0 0.634 7.85
70 7.5 0 0.683 7.5
71 7.15 0 0.683 7.15
72 6.8 0 0.619 6.8
73 5.2 0 0.619 5.2
74 4.85 0 0.683 4.85
75 4.5 0 0.683 4.5
76 4.15 0 0.634 4.15
77 6 0.8 1.238 6
78 7.5 1.5 3.19 7.5
79 6 1.5 3.825 6
80 4.5 1.5 3.19 4.5
81 7.5 3 4.375 7.5
82 6 3 5.25 6
83 4.5 3 4.375 4.5
47 3.5 0 1.313 3.5
48 2.75 0 1.125 2.75
49 2 0 1.125 2
50 1.25 0 1.125 1.25
51 0.5 0 1.313 0.5
52 3.5 1.5 3.75 3.5
53 2 1.5 4.5 2
54 0.5 1.5 3.75 0.5
55 3.5 3 4.375 3.5
56 2 3 5.25 2
57 0.5 3 4.375 0.5
36 -0.5 0 1.313 -0.5
37 -1.25 0 1.125 -1.25

38 -2 0 1.125 -2
39 -2.75 0 1.125 -2.75
40 -3.5 0 1.313 -3.5
41 -0.5 1.5 3.75 -0.5
42 -2 1.5 4.5 -2
43 -3.5 1.5 3.75 -3.5
44 -0.5 3 4.375 -0.5

45 -2 3 5.25 -2
46 -3.5 3 4.375 -3.5
84 -4.15 0 0.634 -4.15
85 -4.5 0 0.683 -4.5
86 -4.85 0 0.683 -4.85
87 -5.2 0 0.619 -5.2
88 -6.8 0 0.619 -6.8
89 -7.15 0 0.683 -7.15
90 -7.5 0 0.683 -7.5
91 -7.85 0 0.634 -7.85

93 -4.5 1.5 3.19 -4.5
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Conf.# 2C_12_0_16/8,continued

Orif. # Mom.arm Sta.y A.Area
94 -6 1.5 5.062
95 -7.5 1.5 3.19
96 -4.5 3 4.375
97 -6 3 5.25
98 -7.5 3 4.375

Sta. x

-6
-7.5
-4.5
-6
-7.5
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/

Figure 59. Configuration 2C_ 12_0_ 16/16; De: 1.697 in., Ajet : 2.26 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C 12 0 16/16

Distance from balance center to moment reference point, Xo = 2

Orif. # Morn. arm Sta. y A.Area Sta. x
69 7.85 0 0.634 7.85
70 7.5 0 0.683 7.5
71 7.15 0 0.683 7.15
72 6.8 0 0.619 6.8
73 5.2 0 0.619 5.2
74 4.85 0 0.683 4.85
75 4.5 0 0.683 4.5
76 4.15 0 0.634 4.15
77 6 0.8 1.238 6
78 7.5 1.5 3.19 7.5
79 6 1.5 3.825 6
80 4.5 1.5 3.19 4.5
81 7.5 3 4.375 7.5
82 6 3 5.25 6

83 4.5 3 4.375 4.5
47 3.5 0 1.313 3.5
48 2.75 0 1.125 2.75
49 2 0 1.125 2
50 1.25 0 1.125 1.25
51 0.5 0 1.313 0.5
52 3.5 1.5 3.75 3.5
53 2 1.5 4.5 2
54 0.5 1.5 3.75 0.5
55 3.5 3 4.375 3.5
56 2 3 5.25 2

57 0.5 3 4.375 0.5
36 -0.5 0 1.313 -0.5
37 - 1.25 0 1.125 - 1.25
38 -2 0 1.125 -2
39 -2.75 0 1.125 -2.75
40 -3.5 0 1.313 -3.5
41 -0.5 1.5 3.75 -0.5
42 -2 1.5 4.5 -2
43 -3.5 1.5 3.75 -3.5
44 -0.5 3 4.375 -0.5
45 -2 3 5.25 -2
46 -3.5 3 4.375 -3.5
84 -4.15 0 0.634 -4.15
85 -4.5 0 0.683 -4.5
86 -4.85 0 0.683 -4.85
87 -5.2 0 0.619 -5.2
88 -6.8 0 0.619 -6.8
89 -7.15 0 0.683 -7.15
90 -7.5 0 0.683 -7.5
91 -7.85 0 0.634 -7.85
93 -4.5 1.5 3.19 -4.5
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Conf.# 2C 12 0_16/16,continued

Orif. # Morn.arm Sta.y
94 -6 1.5
95 -7.5 1.5
96 -4.5 3
97 -6 3
98 -7.5 3
211 7 5
212 5 5
213 3 5
214 1 5
215 7 7
216 5 7
217 3 7
218 1 7
219 -1 5
220 -3 5
221 -5 5
222 -7 5
223 -1 7
224 -3 7
225 -5 7
226 -7 7

A.Area
5.062
3.19
4.375
5.25
4.375
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

Sta. x

-6
-7.5
-4.5
-6
-7.5
7
5
3
1
7
5
3
1

-1
-3
-5
-7
-1
-3
-5
-7
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Figure 60. Configuration 2C_12_0_16/24; D e = 1.697in., Aje t = 2.26 in. 2.
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PressureOrifice LocationsandWeightingFactors

Conf.# 2C 12 0 16/24

Distancefrom balancecenterto momentreferencepoint,Xo= 2

Orif. # Mom. arm Sta. y A.Area Sta. x
69 7.85 0 0.634 7.85
70 7.5 0 0.683 7.5
71 7.15 0 0.683 7.15
72 6.8 0 0.619 6.8
73 5.2 0 0.619 5.2
74 4.85 0 0.683 4.85
75 4.5 0 0.683 4.5
76 4.15 0 0.634 4.15
77 6 0.8 1.238 6
78 7.5 1.5 3.19 7.5
79 6 1.5 3.825 6
80 4.5 1.5 3.19 4.5
81 7.5 3 4.375 7.5
82 6 3 5.25 6
83 4.5 3 4.375 4.5
47 3.5 0 1.313 3.5
48 2.75 0 1.125 2.75
49 2 0 1.125 2
50 1.25 0 1.125 1.25
51 0.5 0 1.313 0.5
52 3.5 1.5 3.75 3.5
53 2 1.5 4.5 2
54 0.5 1.5 3.75 0.5
55 3.5 3 4.375 3.5
56 2 3 5.25 2
57 0.5 3 4.375 0.5
36 -0.5 0 1.313 -0.5
37 -1.25 0 1.125 -1.25
38 -2 0 1.125 -2
39 -2.75 0 1.125 -2.75
40 -3.5 0 1.313 -3.5
41 -0.5 1.5 3.75 -0.5
42 -2 1.5 4.5 -2

43 -3.5 1.5 3.75 -3.5
44 -0.5 3 4.375 -0.5
45 -2 3 5.25 -2
46 -3.5 3 4.375 -3.5
84 -4.15 0 0.634 -4.15
85 -4.5 0 0.683 -4.5
86 -4.85 0 0.683 -4.85
87 -5.2 0 0.619 -5.2
88 -6.8 0 0.619 -6.8
89 -7.15 0 0.683 -7.15
90 -7.5 0 0.683 -7.5

91 -7.85 0 0.634 -7.85
93 -4.5 1.5 3.19 -4.5
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Conf.# 2C 12 0 16/24,continued

Orifi # Mom. arm Sin.y
94 -6 1.5
95 -7.5 1.5
96 -4.5 3
97 -6 3
98 -7.5 3
211 7 5
212 5 5
213 3 5
214 1 5
215 7 7
216 5 7
217 3 7
218 1 7
219 -1 5
220 -3 5
221 -5 5
222 -7 5
223 -1 7
224 -3 7
225 -5 7
226 -7 7
227 7 9
228 5 9
229 3 9
230 1 9
231 7 11
232 5 11
233 3 11
234 1 11
235 -1 9
236 -3 9
237 -5 9
238 -7 9
239 -1 11
240 -3 11
241 -5 11
242 -7 11

A.Area
5.062
3.19
4.375
5.25
4.375
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

Sta. x

-6
-7.5
-4.5
-6
-7.5
7
5
3
1
7
5
3
1

-1
-3
-5
-7
-1
-3
-5
-7
7
5
3
1
7
5
3
1

-1
-3
-5
-7
-1
-3
-5
-7
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Figure 61. Configuration 2C_ 12_0_8/24; De = 1.697 in., Aje t = 2.26 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C_12_0_8/24

Distance from balance center to moment reference point, Xo = 2

Orif. # Mom. arm Sta. y A.Area Sta. x
47 3.5 0 1.313 3.5
48 2.75 0 1.125 2.75
49 2 0 1.125 2
50 1.25 0 1.125 1.25
51 0.5 0 1.313 0.5
52 3.5 1.5 3.75 3.5
53 2 1.5 4.5 2
54 0.5 1.5 3.75 0.5
55 3.5 3 4.375 3.5
56 2 3 5.25 2
57 0.5 3 4.375 0.5
36 -0.5 0 1.313 -0.5
37 -1.25 0 1.125 -1.25
38 -2 0 1.125 -2
39 -2.75 0 1.125 -2.75
40 -3.5 0 1.313 -3.5
41 -0.5 1.5 3.75 -0.5
42 -2 1.5 4.5 -2
43 -3.5 1.5 3.75 -3.5
44 -0.5 3 4.375 -0.5
45 -2 3 5.25 -2
46 -3.5 3 4.375 -3.5
211 3 11 8 3
212 3 9 8 3
213 3 7 8 3
214 3 5 8 3
215 1 11 8 1
216 1 9 8 1
217 1 7 8 1
218 1 5 8 1
219 -1 11 8 -1
220 -1 9 8 -1
221 -1 7 8 -1
222 - 1 5 8 - 1
223 -3 11 8 -3
224 -3 9 8 -3
225 -3 7 8 -3
226 -3 5 8 -3
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Figure 62. Configuration 2C_16_0_12/24; De = 1.697 in., Ajet = 2.26 in. 2.
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PressureOrificeLocationsandWeightingFactors

Conf.# 2C_16_0_12/24

Distancefrom balancecenterto momentreferencepoint,Xo = 0

Orif. # Morn.arm Sta.y A.Area Sta.x
47 5.5 0 1.313 5.5
48 4.75 0 1.125 4.75
49 4 0 1.125 4
50 3.25 0 1.125 3.25
51 2.5 0 1.313 2.5
52 5.5 1.5 3.75 5.5
53 4 1.5 4.5 4
54 2.5 1.5 3.75 2.5
55 5.5 3 4.375 5.5
56 4 3 5.25 4
57 2.5 3 4.375 2.5
36 1.5 0 1.313 1.5
37 0.75 0 1.125 0.75
38 0 0 1.125 0
39 -0.75 0 1.125 -0.75
40 -1.5 0 1.313 -1.5
41 1.5 1.5 3.75 1.5
42 0 1.5 4.5 0
43 -1.5 1.5 3.75 -1.5
44 1.5 3 4.375 1.5
45 0 3 5.25 0
46 -1.5 3 4.375 -1.5
58 -2.5 0 1.313 -2.5
59 -3.25 0 1.125 -3.25
60 -4 0 1.125 -4
61 -4.75 0 1.125 -4.75
62 -5.5 0 1.313 -5.5
63 -2.5 1.5 3.75 -2.5
64 -4 1.5 4.5 -4
65 -5.5 1.5 3.75 -5.5
66 -2.5 3 4.375 -2.5
67 -4 3 5.25 -4
68 -5.5 3 4.375 -5.5
211 5 11 8 5
212 5 9 8 5
213 5 7 8 5
214 5 5 8 5
215 3 11 8 3
216 3 9 8 3
217 3 7 8 3
218 3 5 8 3
219 1 11 8 1
220 1 9 8 1
221 1 7 8 1
222 1 5 8 1
223 -1 11 8 -1
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Conf.# 2C 16 0_12/24,continued

Orif. # Mom. arm Sta. y
224 - 1 9
225 - 1 7
226 - 1 5
227 -3 11
228 -3 9
229 -3 7
230 -3 5
231 -5 11
232 -5 9
233 -5 7
234 -5 5

A.Area
8
8
8
8
8
8
8
8
8
8
8

Sta. x

-1
-1
-1
-3
-3
-3
-3
-5
-5
-5
-5
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Figure 63. Configuration 2C_16_0_12/24X; D e = 1.697in., Aje t = 2.26 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C 16 0 12/24X

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y A.Area Sta. x
219 5 3 8 5
220 5 1 8 5
221 5 -1 0 5
222 5 -3 0 5
223 3 3 8 3
224 3 1 8 3
225 3 -1 0 3
226 3 -3 0 3
36 1.5 0 1.313 1.5
37 0.75 0 1.125 0.75
38 0 0 1.125 0
39 -0.75 0 1.125 -0.75
40 -1.5 0 1.313 -1.5
41 1.5 1.5 3.75 1.5
42 0 1.5 4.5 0
43 - 1.5 1.5 3.75 - 1.5
44 1.5 3 8.125 1.5
45 0 3 9.75 0
46 -1.5 3 8.125 -1.5
58 -2.5 0 1.313 -2.5
59 -3.25 0 1.125 -3.25
60 -4 0 1.125 -4
61 -4.75 0 1.125 -4.75
62 -5.5 0 1.313 -5.5
63 -2.5 1.5 3.75 -2.5
64 -4 1.5 4.5 -4
65 -5.5 1.5 3.75 -5.5
66 -2.5 3 4.375 -2.5
67 -4 3 5.25 -4
68 -5.5 3 4.375 -5.5
211 5 11 8 5
212 5 9 8 5
213 5 7 8 5
214 5 5 8 5
215 3 11 8 3
216 3 9 8 3
217 3 7 8 3
218 3 5 8 3
47 1.5 8 5.69 1.5
48 0.75 8 4.875 0.75
49 0 8 4.875 0
50 -0.75 8 4.875 -0.75
51 -1.5 8 5.69 -1.5
52 1.5 9.5 3.75 1.5
53 0 9.5 4.5 0

54 - 1.5 9.5 3.75 - 1.5
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Conf.# 2C_16_0_12/24X,continued

Orif. # Morn.arm Sta. y
55 1.5 11
56 0 11
57 -1.5 11
227 -3 11
228 -3 9
229 -3 7
230 -3 5
231 -5 11
232 -5 9
233 -5 7
234 -5 5

A.Area
4.375
5.25
4.375
8
8
8
8
8
8
8
8

Sta. x

1.5
0

-1.5
-3
-3
-3
-3
-5
-5
-5
-5
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Figure64. Configuration2C_16._0_4/24;De = 1.697in., Ajet = 2.26 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf. #2C 16 0_4/24

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. ann Sta. y A.Area Sta. x
36 1.5 0 1.313 1.5
37 0.75 0 1.125 0.75
38 0 0 1.125 0
39 -0.75 0 1.125 -0.75
40 -1.5 0 1.313 -1.5
41 1.5 1.5 3.75 1.5
42 0 1.5 4.5 0
43 - 1.5 1.5 3.75 - 1.5
44 1.5 3 8.125 1.5
45 0 3 9.75 0
46 -1.5 3 8.125 -1.5
47 1.5 8 5.69 1.5
48 0.75 8 4.875 0.75
49 0 8 4.875 0
50 -0.75 8 4.875 -0.75
51 -1.5 8 5.69 -1.5
52 1.5 9.5 3.75 1.5
53 0 9.5 4.5 0
54 -1.5 9.5 3.75 -1.5
55 1.5 11 4.375 1.5
56 0 11 5.25 0
57 -1.5 11 4.375 -1.5
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Figure 65. Configuration 2C_16_8__8/24; De = 1.697 in., Ajet = 2.26 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C 16 0 8/24

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y A.Area Sta. x
47 3.5 0 1.313 3.5
48 2.75 0 1.125 2.75
49 2 0 1.125 2
50 1.25 0 1.125 1.25
51 0.5 0 1.313 0.5
52 3.5 1.5 3.75 3.5
53 2 1.5 4.5 2
54 0.5 1.5 3.75 0.5
55 3.5 3 4.375 3.5
56 2 3 5.25 2
57 0.5 3 4.375 0.6
36 -0.5 0 1.313 -0.5
37 -1.25 0 1.125 - 1.25
38 -2 0 1.125 -2
39 -2.75 0 1.125 -2.75
40 -3.5 0 1.313 -3.5
41 -0.5 1.5 3.75 -0.5
42 -2 1.5 4.5 -2
43 -3.5 1.5 3.75 -3.5
44 -0.5 3 8.125 -0.5
45 -2 3 9.75 -2

46 -3.5 3 8.125 -3.5
211 3 11 8 3
212 3 9 8 3
213 3 7 8 3
214 3 5 8 3
215 1 11 8 1
216 1 9 8 1
217 1 7 8 1
218 1 5 8 1
58 -0.5 8 5.69 -0.5
59 -1.25 8 4.875 -1.25
60 -2 8 4.875 -2
61 -2.75 8 4.875 -2.75
62 -3.5 8 5.69 -3.5
63 -0.5 9.5 3.75 -0.5
64 -2 9.5 4.5 -2

65 -3.5 9.5 3.75 -3.5
66 -0.5 11 4.375 -0.5
67 -2 11 5.25 -2
68 -3.5 11 4.375 -3.5
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Figure 66. Configuration 2C_ 160_20/8; D e = 1.697 in., Aje t = 2.26 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C_16_0_20/8

Distance from balance center to moment reference point, Xo = 0

Orif. # Morn. arm Sta. y A.Area Sta. x
69 9.85 0 0.634 9.85
70 9.5 0 0.683 9.5
71 9.15 0 0.683 9.15

72 8.8 0 0.619 8.8
73 7.2 0 0.619 7.2
74 6.85 0 0.683 6.85
75 6.5 0 0.683 6.5
76 6.15 0 0.634 6.15
77 8 0.8 1.238 8
78 9.5 1.5 3.19 9.5
79 8 1.5 3.825 8
80 6.5 1.5 3.19 6.5
81 9.5 3 4.375 9.5

82 8 3 5.25 8
83 6.5 3 4.375 6.5
47 5.5 0 1.313 5.5
48 4.75 0 1.125 4.75
49 4 0 1.125 4
50 3.25 0 1.125 3.25
51 2.5 0 1.313 2.5
52 5.5 1.5 3.75 5.5
53 4 1.5 4.5 4
54 2.5 1.5 3.75 2.5
55 5.5 3 4.375 5.5
56 4 3 5.25 4
57 2.5 3 4.375 2.5
36 1.5 0 1.313 1.5
37 0.75 0 1.125 0.75
38 0 0 1.125 0
39 -0.75 0 1.125 -0.75
40 -1.5 0 1.313 -1.5

41 1.5 1.5 3.75 1.5
42 0 1.5 4.5 0
43 -1.5 1.5 3.75 -1.5
44 1.5 3 4.375 1.5
45 0 3 5.25 0
46 -1.5 3 4.375 -1.5
58 -2.5 0 1.313 -2.5
59 -3.25 0 1.125 -3.25
60 -4 0 1.125 -4
61 -4.75 0 1.125 -4.75
62 -5.5 0 1.313 -5.5

63 -2.5 1.5 3.75 -2.5
64 -4 1.5 4.5 -4
65 -5.5 1.5 3.75 -5.5
66 -2.5 3 4.375 -2.5
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Conf. # 2C 16 0_20/8, continued

Orif. #
67
68
84
85
86
87
88
89
90
91
93
94
95
96
97
98

Mom. arm

-4
-5.5
-6.15
-6.5
-6.85
-7.2
-8.8
-9.15
-9.5
-9.85
-6.5
-8
-9.5
-6.5
-8
-9.5

Sta. y
3
3
0
0
0
0
0
0
0
0
1.5
1.5
1.5
3
3
3

A.Area
5.25
4.375
0.634
0.683
0.683
0.619
0.619
0.683
0.683
0.634
3.19
5.062
3.19
4.375
5.25
4.375

Sta. x

-4
-5.5
-6.15
-6.5
-6.85
-7.2
-8.8
-9.15
-9.5
-9.85
-6.5
-8
-9.5
-6.5
-8
-9.5
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Figure 67. Configuration 2G_ 16..O_DW; De = 1.697 in., Aje t = 2.26 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C_16_0_DW

Distance from balance center to moment reference point, Xo = 0

Orif. # Morn. arm Sta. y A.Area Sta. x
1 18.6 0 2.3 19
2 16.86 0 6.918 17
3 15 0 3 15
4 13 0 3 13

5 11 0 3 11
6 15 1.5 8.546 15
7 13 1.5 6 13
8 11 1.5 6 11
9 12.87 3 7.166 13
10 11 3 7 11
11 10.14 5 8.91 10
12 8 5 8 8
13 6 5 8 6
14 4 5 8 4
15 2 5 8 2
16 0 5 8 0
17 -2 5 8 -2
18 -4 5 8 -4
19 -6 5 8 -6
20 -7.91 5 8.06 -8
21 7.06 6.6 7.302 7.5
22 4 7 16 4
23 0 7 16 0
24 -4 7 16 -4
25 -7.31 7 10.484 -7.6
26 3.235 8.5 9.904 0
27 0 9 12 0
28 -4 9 16 -4

29 -7.11 9 8.908 -7.2
30 0 10 8 0
31 -0.84 11 8.376 0
32 -4 11 12 -4
33 -4 12 8 -4
34 -6.86 12 12.005 -6.6
35 -4.17 13 6.883 -4
69 9.85 0 0.634 9.85
70 9.5 0 0.683 9.5
71 9.15 0 0.683 9.15
72 8.8 0 0.619 8.8
73 7.2 0 0.619 7.2
74 6.85 0 0.683 6.85
75 6.5 0 0.683 6.5
76 6.15 0 0.634 6.15
77 8 0.8 1.238 8
78 9.5 1.5 3.19 9.5
79 8 1.5 3.825 8
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Conf.# 2C 16 0 DW, continued

Orif. #
80
81
82
83
47
48
49
50
51
52
53
54
55
56
57
36
37
38
39
40
41
42
43
44
45
46
58
59
60
61
62
63
64
65
66
67
68
84
85
86
87
88
89
90
91
93
94
95
96
97
98

Mom.

6.5
9.5
8
6.5
5.5
4.75
4
3.25
2.5
5.5
4
2.5
5.5
4
2.5
1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.5
-3.25
-4
-4.75
-5.5
-2.5
-4
-5.5
-2.5
-4
-5.5
-6.15
-6.5
-6.85
-7.2
-8.8
-9.15
-9.5
-9.85
-6.5
-8
-9.5

-6.5
-8
-9.5

Sta. y
1.5
3
3
3
0
0
0
0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
0
0
0
1.5
1.5
1.5

3
3
3

A.Area
3.19
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125

1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
0.634
0.683
0.683
0.619
0.619
0.683
0.683
0.634
3.19
5.062
3.19

4.375
5.25
4.375

Sta. x

6.5
9.5
8
6.5
5.5
4.75
4
3.25
2.5
5.5
4
2.5
5.5
4
2.5
1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.5
-3.25
-4
-4.75
-5.5
-2.5
-4
-5.5
-2.5
-4
-5.5
-6.15
-6.5
-6.85
-7.2
-8.8
-9.15
-9.5
-9.85
-6.5
-8
-9.5

-6.5
-8
-9.5
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Figure 68. Configuration 2R_16_0_DW; De = 1.695 in.,Ale t = 2.26 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf.#2R 16 0 DW

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y A.Area Sta. x
1 18.6 0 2.3 19
2 16.86 0 6.918 17
3 15 0 3 15
4 13 0 3 13
5 11 0 3 11
6 15 1.5 8.546 15
7 13 1.5 6 13
8 11 1.5 6 11
9 12.87 3 7.166 13
10 11 3 7 11
11 10.14 5 8.91 10
12 8 5 8 8
13 6 5 8 6
14 4 5 8 4
15 2 5 8 2
16 0 5 8 0
17 -2 5 8 -2
18 -4 5 8 -4
19 -6 5 8 -6
20 -7.91 5 8.06 -8
21 7.06 6.6 7.302 7.5
22 4 7 16 4
23 0 7 16 0
24 -4 7 t6 -4
25 -7.31 7 10.484 -7.6
26 3.235 8.5 9.904 0
27 0 9 12 0
28 -4 9 16 -4
29 -7.11 9 8.908 -7.2
30 0 I0 8 0

31 -0.84 II 8.376 0

32 -4 11 12 -4
33 -4 12 8 -4
34 -6.86 12 12.005 -6.6
35 -4.17 13 6.883 -4
165 9.5 3 5.313 9.5
166 9.5 1.5 1.125 9.5
167 9.5 0.75 1.125 9.5
168 9.5 0 0.563 9.5
169 9 1.5 0.75 9
170 9 0.75 0.75 9
171 9 0 0.375 9
172 8.5 1.5 0.625 8.5
173 8.5 0.75 0.578 8.5

174 8.5 0 0.295 8.5
175 8 3 6.375 8
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Conf.# 2R 16 0 DW, continued

Orif. #
176
177
178
179
180
181
182
183
184
185
186
187
47
48
49
50
51
52
53
54
55
56
57
36
37
38
39
40
41
42
43
44
45
46
58
59
60
61
62
63
64
65
66
67
68
188
189
190
191
192
193

Mom. al'n'l

8
8
7.5
7.5
7.5
7
7
7
6.5
6.5
6.5
6.5
5.5
4.75
4
3.25
2.5
5.5
4
2.5
5.5
4
2.5
1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.5
-3.25
-4
-4.75
-5.5
-2.5
-4

-5.5
-2.5
-4
-5.5
-6.5
-6.5

-6.5
-6.5
-7
-7

Sta. y
1.5
1.125
1.5
0.75
0
1.5
0.75
0
3
1.5
0.75
0
0
0
0

0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
1.5
1.5
1.5
3
3
3
0
0

0
0
0
1.5
1.5
1.5
3
3
3
3
1.5
0.75
0
1.5
0.75

A.Area

0.625
0.62
0.625
0.578
0.295
0.75
0.75
0.375
5.313
1.125
1.125
0.563
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313

3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
5.313
1.125

1.125
0.563
0.75

0.75

Sta. ×

8
8
7.5
7.5
7.5
7
7
7
6.5
6.5
6.5
6.5
5.5
4.75
4
3.25
2.5
5.5
4
2.5
5.5
4
2.5
1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.5
-3.25
-4

-4.75
-5.5
-2.5
-4
-5.5
-2.5
-4

-5.5
-6.5
-6.5
-6.5
-6.5
-7
-7
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Conf. # 2R 16 0 DW, continued

Orif. #
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

Mom. arm

-7
-7.5
-7.5
-7.5
-8
-8
-8
-8.5
-8.5
-8.5
-9
-9
-9
-9.5
-9.5
-9.5
-9.5

Sta. y
0
1.5
0.75
0
3
1.5
1.125
1.5
0.75
0
1.5
0.75
0
3
1.5
0.75
0

A.Area

0.375
0.625
0.578
0.295
6.375
0.625
0.62
0.625
0.578
0.295
0.75
0.75
0.375
5.313
1.125
1.125
0.563

Sta. x

-7
-7.5
-7.5
-7.5
-8
-8
-8
-8.5
-8.5
-8.5
-9
-9
-9
-9.5
-9.5
-9.5
-9.5
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Balance center

2 PI P9 P3

/ I:.4 n.so,_,l4s 5o_ I 37 39/In, 197 203_._I 59 61

000 I 0 • • • •

..u.. ..._. I._, ._ _:
12o41 I

98 207[
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• • • • . . . . ./
22 :3 24 :5/

• • 35 /

Figure 69. Configuration 2R_ 12_O_DW; De = 1.695 in., Ajet = 2.26 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2R_12_0_DW

Distance from balance center to moment reference point, Xo -- 2

Orif. # Morn. arm Sta. y A.Area Sta. x
1 16.6 0 2.3 17
2 14.86 0 6.918 15
3 13 0 3 13
4 11 0 3 11
5 9 0 3 9
6 13 1.5 8.546 13
7 11 1.5 6 11
8 9 1.5 6 9
9 10.87 3 7.166 11
10 9 3 7 9

11 8.14 5 8.91 8
12 6 5 8 6
13 4 5 8 4
14 2 5 8 2

15 0 5 8 0
16 -2 5 8 -2
17 -4 5 8 -4
18 -6 5 8 -6
19 -8 5 8 -8
20 -9.91 5 8.06 -10
21 5.06 6.6 7.302 5.5
22 2 7 16 2
23 -2 7 16 -2
24 -6 7 16 -6
25 -9.31 7 10.484 -9.6
26 1.235 8.5 9.904 -2
27 -2 9 12 -2
28 -6 9 16 -6
29 -9.11 9 8.908 -9.2
30 -2 10 8 -2
31 -2.84 11 8.376 -2
32 -6 11 12 -6
33 -6 12 8 -6
34 -8.86 12 12.005 -8.6
35 -6.17 13 6.883 -6
165 7.5 3 5.313 7.5
166 7.5 1.5 1.125 7.5
167 7.5 0.75 1.125 7.5
168 7.5 0 0.563 7.5
169 7 1.5 0.75 7

170 7 0.75 0.75 7
171 7 0 0.375 7
172 6.5 1.5 0.625 6.5

173 6.5 0.75 0.578 6.5
174 6.5 0 0.295 6.5
175 6 3 6.375 6
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Conf.# 2R 12 0 DW, continued

Orif. #
176
177
178
179
180
181
182
183
184
185
186
187
47
48
49
50
51
52
53
54
55
56
57
36
37
38
39
40
41
42
43
44
45
46
188
189
190
191
192
193
194
195
196
197
198
199

200
201
202
203
204

Mom. aim

6
6
5.5
5.5
5.5
5
5
5
4.5
4.5
4.5
4.5
3.5
2.75
2
1.25
0.5
3.5
2
0.5
3.5
2
0.5

-0.5
-1.25
-2
-2.75
-3.5
-0.5
-2
-3.5
-0.5
-2

-3.5
-4.5
-4.5
-4.5
-4.5
-5
-5
-5
-5.5
-5.5
-5.5
-6
-6
-6
-6.5

-6.5
-6.5
-7

Sta. y
1.5
1.125
1.5
0.75
0
1.5
0.75
0
3
1.5
0.75
0
0
0
0
0
0
1.5
1.5
1.5
3
3
3
0
0
0
0

0
1.5
1.5
1.5
3
3
3
3
1.5
0.75

0
1.5
0.75
0
1.5
0.75
0
3
1.5
1.125
1.5
0.75
0
1.5

A.Area

0.625
0.62
0.625
0.578
0.295
0.75
0.75
0.375
5.313
1.125
1.125
0.563
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313

3.75
4.5
3.75

4.375
5.25
4.375
5.313
1.125
1.125
0.563
0.75

0.75
0.375
0.625
0.578

0.295
6.375
0.625
0.62
0.625
0.578
0.295
0.75

Sta. x

6
6
5.5
5.5
5.5
5
5
5
4.5
4.5
4.5
4.5
3.5
2.75
2
1.25
0.5
3.5
2

0.5
3.5
2
0.5

-0.5
-1.25
-2
-2.75
-3.5
-0.5
-2
-3.5
-0.5
-2
-3.5
-4.5
-4.5
-4.5
-4.5
-5

-5
-5
-5.5
-5.5
-5.5

-6
-6
-6
-6.5
-6.5
-6.5
-7
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Conf. # 2R 12 0 DW, continued

Orif. #
205
206
207
208
209
210
58
59
60
61
62
63
64
65
66
67
68

Mom. alTn

-7
-7
-7.5
-7.5
-7.5
-7.5
-8.5
-9.25

-10
-10.75
-11.5

-8.5
-10
-11.5

-8.5
-10
-11.5

Sta. y
0.75
0
3
1.5
0.75
0
0
0
0
0
0
1.5
1.5
1.5
3
3
3

&Area
0.75
0.375
5.313
1.125
1.125
0.563
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375

Sta. x

-7
-7
-7.5
-7.5
-7.5
-7.5
-8.5
-9.25

-10
-10.75
-11.5

-8.5
-10

-11.5
-8.5

-10
-11.5
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Moment reference point Balance center

P8 Ix)

168 174 180 187' 48 50 \ I 37 39/ I,n, 197 203 _,
n _ lYi kIr,,1[-111831147[ 49 J,113_j 3,X, o l'Tlg,llql2o_l

• "1 r"l" • • " "' " "-f' "1""1 I""
O O O1-_17_0 I 22 53 54 41 42 43 I O O 01-_2_)0OOOOOO0 I • • • • • I O000qO0
11691 118111 111921 12041

166 172 178 185J 55 56 57 44 45 461189 195 201 208
• • O I O • • • • O I O • •

165 175 1841 [ 188 198 207

Figure 70. Configuration 2R_ 12_0_ 16/8; De = 1.695 in., Aje t = 2.26 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2R 12 0 16/8

Distance from balance center to moment reference point, Xo = 2

Orif. # Mom. ann Sta. y A.Area Sta. x
165 7.5 3 5.313 7.5
166 7.5 1.5 1.125 7.5

167 7.5 0.75 1.125 7.5
168 7.5 0 0.563 7.5
169 7 1.5 0.75 7
170 7 0.75 0.75 7
171 7 0 0.375 7
172 6.5 1.5 0.625 6.5
173 6.5 0.75 0.578 6.5
174 6.5 0 0.295 6.5
175 6 3 6.375 6
176 6 1.5 0.625 6
177 6 1.125 0.62 6
178 5.5 1.5 0.625 5.5
179 5.5 0.75 0.578 5.5
180 5.5 0 0.295 5.5
181 5 1.5 0.75 5
182 5 0.75 0.75 5
183 5 0 0.375 5
184 4.5 3 5.313 4.5
185 4.5 1.5 1.125 4.5
186 4.5 0.75 1.125 4.5
187 4.5 0 0.563 4.5
47 3.5 0 1.313 3.5
48 2.75 0 1.125 2.75
49 2 0 1.125 2
50 1.25 0 1.125 1.25
51 0.5 0 1.313 0.5
52 3.5 1.5 3.75 3.5

53 2 1.5 4.5 2
54 0.5 1.5 3.75 0.5
55 3.5 3 4.375 3.5
56 2 3 5.25 2
57 0.5 3 4.375 0.5
36 -0.5 0 1.313 -0.5
37 -1.25 0 1.125 -1.25
38 -2 0 1.125 -2
39 -2.75 0 1.125 -2.75
40 -3.5 0 1.313 -3.5
41 -0.5 1.5 3.75 -0.5
42 -2 1.5 4.5 -2
43 -3.5 1.5 3.75 -3.5
44 -0.5 3 4.375 -0.5
45 -2 3 5.25 -2
46 -3.5 3 4.375 -3.5

188 -4.5 3 5.313 -4.5
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Conf.# 2R_12_0_16/8,continued

Orif. # Morn. arm
189 -4.5
190 -4.5
191 -4.5
192 -5
193 -5
194 -5
195 -5.5
196 -5.5
197 -5.5
198 -6
199 -6
200 -6
201 -6.5
202 -6.5
203 -6.5
204 -7
205 -7
206 -7
207 -7.5
208 -7.5
209 -7.5
210 -7.5

Sta. y
1.5
0.75
0
1.5
0.75
0
1.5
0.75
0
3
1.5
1.125
1.5
0.75
0
1.5
0.75
0
3
1.5
0.75
0

&Area
1.125
1.125
0.563
0.75
0.75
0.375
0.625
0.578
0.295
6.375
0.625
0.62
0.625
0.578
0.295
0.75
0.75
0.375
5.313
1.125
1.125
0.563

Sta. x

-4.5
-4.5
-4.5
-5
-5
-5
-5.5
-5.5
-5.5
-6
-6
-6
-6.5
-6.5
-6.5
-7
-7
-7
-7.5
-7.5
-7.5
-7.5
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Pressure Orifice Locations and Weighting Factors

Conf. #2R 8 0 DW

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y A.Area Sta. x
1 14.6 0 2.3 15
2 12.86 0 6.918 13
3 11 0 3 11
4 9 0 3 9
5 7 0 3 7
6 10.9 1.5 8.546 11
7 9 1.5 6 9
8 7 1.5 6 7
9 8.87 3 7.166 9
10 7 3 7 7
11 6.14 5 8.91 6
12 4 5 8 4
13 2 5 8 2
14 0 5 8 0
15 -2 5 8 -2
16 -4 5 8 -4
17 -6 5 8 -6
18 -8 5 8 -8
19 -10 5 8 -10
20 -11.91 5 8.06 -12
21 3.06 6.6 7.302 3.5
22 0 7 16 0
23 -4 7 16 -4
24 -8 7 16 -8
25 -11.31 7 10.484 -11.6
26 -0.765 8.5 9.904 0
27 -4 9 12 -4
28 -8 9 16 -8
29 - 11.11 9 8.908 - 11.2
30 -4 10 8 -4
31 -4.84 11 8.376 -4
32 -8 11 12 -8
33 -8 12 8 -8
34 -10.86 12 12.005 -10.6
35 -8.17 13 6.883 -8
165 5.5 3 5.313 5.5
166 5.5 1.5 1.125 5.5
167 5.5 0.75 1.125 5.5
168 5.5 0 0.563 5.5
169 5 1.5 0.75 5
170 5 0.75 0.75 5
171 5 0 0.375 5

172 4.5 1.5 0.625 4.5
173 4.5 0.75 0.578 4.5
174 4.5 0 0.295 4.5
175 4 3 6.375 4
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Conf.# 2R 8 0 DW, continued

Orif. #
176
177
178
179

180
181
182
183
184
185
186
187
36
37
38
39
40
41
42
43
44
45
46
188
189
190
191
192
193
194

195
196
197
198

199
200
201
202
203

204
205
206
207
208
209
210
47
48
49
50
51

Mom. arm

4
4
3.5
3.5
3.5
3
3
3
2.5
2.5
2.5
2.5
1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.5
-2.5
-2.5
-2.5
-3
-3
-3
-3.5
-3.5
-3.5
-4
-4
-4
-4.5
-4.5
-4.5
-5

-5
-5
-5.5
-5.5
-5.5
-5.5
-6.5
-7.25

-8
-8.75
-9.5

Sta. y
1.5
1.125
1.5
0.75
0
1.5
0.75
0
3
1.5
0.75
0

0
0
0
0
0
1.5
1.5
1.5
3
3
3
3
1.5
0.75
0
1.5
0.75
0
1.5
0.75
0
3
1.5
1.125
1.5
0.75
0
1.5
0.75
0
3
1.5
0.75
0
0
0
0

0
0

A.Area
0.625
0.62
0.625
0.578
0.295
0.75
0.75
0.375
5.313
1.125
1.125
0.563
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
5.313
1.125
1.125
0.563
0.75
0.75
0.375
0.625
0.578
0.295
6.375
0.625
0.62
0.625
0.578

0.295
0.75
0.75
0.375
5.313
1.125
1.125
0.563
1.313
1.125
1.125
1.125
1.313

Sta. x

4
4
3.5
3.5
3.5
3
3
3
2.5
2.5
2.5
2.5
1.5
0.75
0

-0.75
-1.5
1.5
0

-1.5
1.5
0

-1.5
-2.5
-2.5
-2.5
-2.5
-3
-3
-3

-3.5
-3.5
-3.5
-4
-4
-4
-4.5
-4.5
-4.5
-5

-5
-5
-5.5
-5.5
-5.5
-5.5
-6.5
-7.25
-8
-8.75
-9.5
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Conf. # 2R 8 0 DW, continued

Orif. #
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

Mom. arm

-6.5
-8
-9.5
-6.5
-8
-9.5

-10.5
-11.25
-12

-12.75
-13.5
-10.5
-12
-13.5
-10.5
-12
-13.5

Sta. y
1.5
1.5
1.5
3
3
3
0
0
0
0
0
1.5
1.5
1.5
3
3
3

A.Area
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375

Sta. x

-6.5
-8
-9.5
-6.5
-8
-9.5

-10.5
- 11.25
-12
-12.75
-13.5
-10.5
-12
-13.5
-10.5
-12
-13.5
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Figure 72. Configuration 3C_8_2.5_DW; D e = 1.699 in., Aje t = 2.27 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 3C_8_2.5_DW

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y A.Area Sta. x
1 14.6 0 2.3 15
2 12.86 0 6.918 13

3 11 0 3 11
4 9 0 3 9
5 7 0 3 7
6 10.9 1.5 8.546 11
7 9 1.5 6 9
8 7 1.5 6 7
9 8.87 3 7.166 9
10 7 3 7 7
11 6.14 5 8.91 6
12 4 5 8 4
13 2 5 8 2
14 0 5 8 0
15 -2 5 8 -2
16 -4 5 8 -4

17 -6 5 8 -6
18 -8 5 8 -8
19 -10 5 8 -10
20 -11.91 5 8.06 -12
21 3.06 6.6 7.302 3.5
22 0 7 16 0

23 -4 7 16 -4
24 -8 7 16 -8
25 -11.31 7 10.484 -11.6
26 -0.765 8.5 9.904 0
27 -4 9 12 -4

28 -8 9 16 -8
29 - 11.11 9 8.908 - 11.2
30 -4 10 8 -4
31 -4.84 11 8.376 -4
32 -8 11 12 -8
33 -8 12 8 -8
34 -10.86 12 12.005 -10.6
35 -8.17 13 6.883 -8
99 5.5 3 4.688 5.5
100 5.165 1.5 4.38 5.5
101 5.5 0 1.313 5.5
102 4.75 0 1.125 4.75
103 4 3 5.625 4
104 4 2 0.278 4
105 4 1.88 0.38 4
106 4 0.64 0.38 4
107 4 0.48 0.24 4

108 4 0.32 0.24 4
109 4 0.16 0.24 4

218



Conf.# 3C 8 2.5_DW,continued

Orif. #
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
36
37
38
39
40
41
42
43
44
45
46
84
85
86
87
88
89
90
91
93
94
95
96
97
98
47
48

Morn. arm

4
4
4
4
4
3.25
3.25
3.25
3.25
3.25
3.25
3.25
3.25
3.25
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.15
-2.5
-2.85
-3.2
-4.8
-5.15
-5.5
-5.85
-2.5
-4
-5.5
-2.5
-4

-5.5
-6.5
-7.25

Sta. y
0

-0.16
-0.32
-0.48
-0.64
2
1.75
1.5
1.25
1
0.75
0.5
0.25
0
3
2
1.75
1.5
1.25
1
0.75
0.5
0.25
0
0
0
0
0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
0
0
0
1.5
1.5
1.5
3
3
3
0

0

A.Area
0.12
0
0
0
0
0.375
0.375
0.355
0.325
0.355
0.375
0.375
0.375
0.188
4.688
0.438
0.438
0.438
0.438
0.438
0.438
0.438
0.438
0.219
1.313
1.125
1.125
1.125

1.313
3.75
4.5

3.75
4.375

5.25
4.375
0.634
0.683
0.683
0.619
0.619
0.683
0.683
0.634
3.19
5.062
3.19
4.375
5.25
4.375
1.313
1.125

Sta. x

4
4
4
4
4
3.25
3.25
3.25
3.25
3.25
3.25
3.25
3.25
3.25
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
1.5
0.75
0

-0.75
-1.5
1.5
0

-1.5

1.5
0

-1.5
-2.15
-2.5
-2.85
-3.2
-4.8
-5.15
-5.5
-5.85
-2.5
-4
-5.5
-2.5
-4
-5.5
-6.5
-7.25
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Conf. # 3C 8 2.5_DW, continued

Orif. #
49
50
51
52
53
54
55

56
57
58
59
60
61
62
63
64
65
66
67
68

Morn. al'm

-8
-8.75
-9.5
-6.5
-8
-9.5
-6.5
-8
-9.5

-10.5
- 11.25
-12
-12.75
-13.5
-10.5
-12
-13.5
-10.5
-12
-13.5

Sta.

0
Y

0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
1.5
1.5
1.5
3
3
3

A.Area
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375

Sta. x

-8
-8.75
-9.5
-6.5
-8
-9.5
-6.5
-8
-9.5

-10.5
- 11.25
-12
-12.75
-13.5
-10.5
-12

-13.5
-10.5
-12
-13.5
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Figure 73. Configuration 2C_0_2.5_12/8; D e = 1.202 in., Aje t = 1.13 in. 2
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C_0_2.5_12/8

Distance from balance center to moment reference point, Xo = 4

Orif. # Morn. arm Sta. y A.Area Sta. x
36 -2.5 0 1.313 -2.5
37 -3.25 0 1.125 -3.25
38 -4 0 1.125 -4
39 -4.75 0 1.125 -4.75
40 -5.5 0 1.313 -5.5
41 -2.5 1.5 3.75 -2.5
42 -4 1.5 4.5 -4
43 -5.5 1.5 3.75 -5.5
44 -2.5 3 4.375 -2.5
45 -4 3 5.25 -4
46 -5.5 3 4.375 -5.5
99 1.5 3 4.688 1.5
100 1.165 1.5 4.38 1.5
101 1.5 0 1.313 1.5
102 0.75 0 1.125 0.75
103 0 3 5.625 0
104 0 2 0.278 0
105 0 1.88 0.38 0
106 0 0.64 0.38 0
107 0 0.48 0.24 0
108 0 0.32 0.24 0
109 0 0.16 0.24 0
110 0 0 0.12 0
111 0 -0.16 0 0
112 0 -0.32 0 0
113 0 -0.48 0 0
114 0 -0.64 0 0
115 -0.75 2 0.375 -0.75
116 -0.75 1.75 0.375 -0.75
117 -0.75 1.5 0.355 -0.75
118 -0.75 1.25 0.325 -0.75
119 -0.75 1 0.355 -0.75
120 -0.75 0.75 0.375 -0.75
121 -0.75 0.5 0.375 -0.75
122 -0.75 0.25 0.375 -0.75
123 -0.75 0 O. 188 -0.75
124 - 1.5 3 4.688 - 1.5
125 -1.5 2 0.438 -1.5
126 - 1.5 1.75 0.438 - 1.5
127 - 1.5 1.5 0.438 - 1.5
128 -1.5 1.25 0.438 -1.5
129 -1.5 1 0.438 -1.5

130 -1.5 0.75 0.438 - 1.5
131 -1.5 0.5 0.438 -1.5
132 -1.5 0.25 0.438 -1.5
133 -1.5 0 0.219 -1.5
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Conf. # 2C 0 2.5_12/8, continued

Orif. #
58
59
60
61
62
63
64
65
66
67
68

Morn. arm

5.5
4.75
4
3.25
2.5
5.5
4
2.5
5.5
4
2.5

Sta. y
0
0
0
0
0
1.5
1.5
1.5
3
3
3

A.Area
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375

Sta. x

5.5
4.75
4
3.25
2.5
5.5
4
2.5
5.5
4
2.5
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Figure 74. Configuration 3C_8_2.5_ 12/8; De = 1.699 in., Ajet = 2.27 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 3C-8-2.5-12/8

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y A.Area Sta. x
99 5.5 3 4.688 5.5
100 5.165 1.5 4.38 5.5
101 5.5 0 1.313 5.5
102 4.75 0 1.125 4.75
103 4 3 5.625 4
104 4 2 0.278 4
105 4 1.88 0.38 4
106 4 0.64 0.38 4
107 4 0.48 0.24 4
108 4 0.32 0.24 4
109 4 0.16 0.24 4
110 4 0 0.12 4
111 4 -0.16 0 4
112 4 -0.32 0 4
113 4 -0.48 0 4
114 4 -0.64 0 4
115 3.25 2 0.375 3.25
116 3.25 1.75 0.375 3.25
117 3.25 1.5 0.355 3.25
118 3.25 1.25 0.325 3.25
119 3.25 1 0.355 3.25
120 3.25 0.75 0.375 3.25
121 3.25 0.5 0.375 3.25
122 3.25 0.25 0.375 3.25
123 3.25 0 0.188 3.25
124 2.5 3 4.688 2.5
125 2.5 2 0.438 2.5
126 2.5 1.75 0.438 2.5
127 2.5 1.5 0.438 2.5
128 2.5 1.25 0.438 2.5
129 2.5 1 0.438 2.5
130 2.5 0.75 0.438 2.5
131 2.5 0.5 0.438 2.5
132 2.5 0.25 0.438 2.5
133 2.5 0 0.219 2.5

36 1.5 0 1.313 1.5
37 0.75 0 1.125 0.75
38 0 0 1.125 0
39 -0.75 0 1.125 -0.75
40 -1.5 0 1.313 -1.5
41 1.5 1.5 3.75 1.5
42 0 1.5 4.5 0

43 -1.5 1.5 3.75 -1.5
44 1.5 3 4.375 1.5
45 0 3 5.25 0

46 -1.5 3 4.375 -1.5
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Conf. # 3C 8 2.5_12/8, continued

Orif. #
84
85
86
87
88
89
90
91
93
94
95
96
97
98

Morn. arm

-2.15
-2.5
-2.85
-3.2
-4.8
-5.15
-5.5
-5.85
-2.5
-4
-5.5
-2.5
-4
-5.5

Sta.

0
0
0
0
0
0
0
0
1.5
1.5
1.5
3
3
3

A.Area
0.634
0.683
0.683
0.619
0.619
0.683
0.683
0.634
3.19
5.062
3.19
4.375
5.25
4.375

Sta. x
-2.15
-2.5
-2.85
-3.2
-4.8
-5.15
-5.5
-5.85
-2.5
-4
-5.5
-2.5
-4
-5.5
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Figure 75. Configuration 3C_ 12_2.5..DW; De = 1.699 in., Ajar = 2.27 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 3C-12-2.5-DW

Distance from balance center to moment reference point, Xo =2

Orif. # Mom. arm Sta. y &Area
1 16.6 0 2.3
2 14.86 0 6.918
3 13 0 3
4 11 0 3
5 9 0 3
6 13 1.5 8.546
7 11 1.5 6
8 9 1.5 6
9 10.87 3 7.166
10 9 3 7
11 8.14 5 8.91
12 6 5 8
13 4 5 8
14 2 5 8
15 0 5 8
16 -2 5 8
17 -4 5 8
18 -6 5 8
19 -8 5 8
20 -9.91 5 8.06
21 5.06 6.6 7.302
22 2 7 16
23 -2 7 16
24 -6 7 16
25 -9.31 7 10.484
26 1.235 8.5 9.904
27 -2 9 12
28 -6 9 16
29 -9.11 9 8.908
30 -2 10 8
31 -2.84 11 8.376
32 -6 11 12
33 -6 12 8
34 -8.86 12 12.005
35 -6.17 13 6.883
99 7.5 3 4.688
100 7.165 1.5 4.38
101 7.5 0 1.313
102 6.75 0 1.125
103 6 3 5.625
104 6 2 0.278
105 6 1.88 0.38
106 6 0.64 0.38
107 6 0.48 0.24
108 6 0.32 0.24
109 6 0.16 0.24

Sta. x

17
15
13
11

9
13
11
9

11
9
8
6
4
2
0

-2
-4
-6
-8

-10

5.5
2

-2
-6
-9.6
-2
-2
-6
-9.2
-2
-2
-6
-6
-8.6
-6
7.5
7.5
7.5
6.75
6
6
6
6
6
6
6
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Conf. # 3C 12 2.5_DW, continued

Orif. # Mom. arm Sta. y
110 6 0
111 6 -0.16
112 6 -0.32
113 6 -0.48
114 6 -0.64
115 5.25 2
116 5.25 1.75
117 5.25 1.5
118 5.25 1.25
119 5.25 1
120 5.25 0.75
121 5.25 0.5

122 5.25 0.25
123 5.25 0
124 4.5 3
125 4.5 2
126 4.5 1.75
127 4.5 1.5
128 4.5 1.25
129 4.5 1
130 4.5 0.75
131 4.5 0.5
132 4.5 0.25
133 4.5 0
47 3.5 0
48 2.75 0
49 2 0
50 1.25 0
51 0.5 0
52 3.5 1.5
53 2 1.5
54 0.5 1.5
55 3.5 3
56 2 3
57 0.5 3
36 -0.5 0

37 -1.25 0
38 -2 0
39 -2.75 0
40 -3.5 0
41 -0.5 1.5
42 -2 1.5
43 -3.5 1.5
44 -0.5 3

45 -2 3
46 -3.5 3
84 -4.15 0
85 -4.5 0
86 -4.85 0
87 -5.2 0
88 -6.8 0

&Area
0.12
0
0
0
0
0.375
0.375
0.355
0.325
0.355
0.375
0.375
0.375
0.188
4.688
0.438
0.438
0.438
0.438
0.438
0.438
0.438
0.438
0.219
1.313

1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
0.634
0.683
0.683
0.619

0.619

Sta. x

6
6
6
6
6
5.25
5.25
5.25
5.25
5.25
5.25

5.25
5.25
5.25
4.5
4.5
4.5
4.5
4.5
4.5
4.5

4.5
4.5
4.5
3.5
2.75
2
1.25
0.5
3.5
2
0.5
3.5
2

0.5
-0.5
-1.25
-2
-2.75
-3.5
-0.5
-2
-3.5
-0.5
-2
-3.5
-4.15
-4.5
-4.85
-5.2

-6.8
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Conf.# 3C 12 2.5_DW,continued

Orif. #
89
90
91
93
94
95
96
97
98
58
59
60
61
62
63
64
65
66
67
68

Mom. arm

-7.15
-7.5
-7.85
-4.5
-6
-7.5
-4.5
-6
-7.5
-8.5
-9.25

-10
-10.75
-11.5

-8.5
-10
-11.5

-8.5
-10
-11.5

Sta.

0
0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
1.5
1.5
1.5
3
3
3

A.Area
0.683
0.683
0.634
3.19
5.062
3.19
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375

Sta. x

-7.15
-7.5
-7.85
-4.5
-6
-7.5
-4.5
-6
-7.5
-8.5
-9.25

-10
-10.75
-11.5

-8.5
-10
-11.5

-8.5
-10
-11.5
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Figure 76. Configuration 3C_ 12_2.5_ 16/8; D e = 1.699 in., Aje t = 2.27 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 3C-12-2.5-16/8

Distance from balance center to moment reference point, Xo = 2

Orif. # Mom. arm Sta. y A.Area Sta. x
99 7.5 3 4.688 7.5
100 7.165 1.5 4.38 7.5
101 7.5 0 1.313 7.5
102 6.75 0 1.125 6.75
103 6 3 5.625 6
104 6 2 0.278 6
105 6 1.88 0.38 6
106 6 0.64 0.38 6
107 6 0.48 0.24 6
108 6 0.32 0.24 6
109 6 0.16 0.24 6

110 6 0 0.12 6
111 6 -0.16 0 6
112 6 -0.32 0 6
113 6 -0.48 0 6
114 6 -0.64 0 6
115 5.25 2 0.375 5.25
116 5.25 1.75 0.375 5.25
117 5.25 1.5 0.355 5.25
118 5.25 1.25 0.325 5.25
119 5.25 1 0.355 5.25
120 5.25 0.75 0.375 5.25
121 5.25 0.5 0.375 5.25
122 5.25 0.25 0.375 5.25
123 5.25 0 0.188 5.25
124 4.5 3 4.688 4.5
125 4.5 2 0.438 4.5
126 4.5 1.75 0.438 4.5
127 4.5 1.5 0.438 4.5
128 4.5 1.25 0.438 4.5
129 4.5 1 0.438 4.5
130 4.5 0.75 0.438 4.5
131 4.5 0.5 0.438 4.5
132 4.5 0.25 0.438 4.5
133 4.5 0 0.219 4.5
47 3.5 0 1.313 3.5
48 2.75 0 1.125 2.75
49 2 0 1.125 2
50 1.25 0 1.125 1.25
51 0.5 0 1.313 0.5
52 3.5 1.5 3.75 3.5
53 2 1.5 4.5 2
54 0.5 1.5 3.75 0.5
55 3.5 3 4.375 3.5
56 2 3 5.25 2
57 0.5 3 4.375 0.5
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Conf. # 3C_12_2.5_16/8, continued

Orif. # Morn. arm
36 -0.5
37 -1.25
38 -2
39 -2.75
40 -3.5
41 -0.5
42 -2
43 -3.5
44 -0.5

45 -2
46 -3.5
84 -4.15
85 -4.5
86 -4.85
87 -5.2
88 -6.8
89 -7.15
90 -7.5
91 -7.85
93 -4.5
94 -6
95 -7.5
96 -4.5
97 -6
98 -7.5

Sta.
0
0

Y

0
0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
0
0
0
1.5
1.5
1.5
3
3
3

A.Area
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
0.634
0.683
0.683
0.619
0.619
0.683
0.683
0.634
3.19
5.062
3.19
4.375
5.25
4.375

Sta. x
-0.5
-1.25
-2
-2.75
-3.5
-0.5
-2
-3.5
-0.5
-2
-3.5
-4.15
-4.5
-4.85
-5.2
-6.8
-7.15
-7.5
-7.85
-4.5
-6
-7.5
-4.5
-6
-7.5
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Figure 77. Configuration 3C_ 16_2.5_20/8; De = 1.699 in., Ajet = 2.27 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 3C-16-2.5-20/8

Distance from balance center to moment reference point, Xo = 0

Orif. # Morn. ann Sta. y A.Area Sta. x
99 9.5 3 4.688 9.5
100 9.165 1.5 4.38 9.5
101 9.5 0 1.313 9.5
102 8.75 0 1.125 8.75
103 8 3 5.625 8
104 8 2 0.278 8
105 8 1.88 0.38 8
106 8 0.64 0.38 8
107 8 0.48 0.24 8
108 8 0.32 0.24 8
109 8 0.16 0.24 8
110 8 0 0.12 8
111 8 -0.16 0 8
112 8 -0.32 0 8
113 8 -0.48 0 8
114 8 -0.64 0 8
115 7.25 2 0.375 7.25
116 7.25 1.75 0.375 7.25
117 7.25 1.5 0.355 7.25
118 7.25 1.25 0.325 7.25
119 7.25 1 0.355 7.25
120 7.25 0.75 0.375 7.25
121 7.25 0.5 0.375 7.25
122 7.25 0.25 0.375 7.25
123 7.25 0 0.188 7.25
124 6.5 3 4.688 6.5
125 6.5 2 0.438 6.5
126 6.5 1.75 0.438 6.5
127 6.5 1.5 0.438 6.5
128 6.5 1.25 0.438 6.5
129 6.5 1 0.438 6.5
130 6.5 0.75 0.438 6.5
131 6.5 0.5 0.438 6.5
132 6.5 0.25 0.438 6.5
133 6.5 0 0.219 6.5
47 5.5 0 1.313 5.5
48 4.75 0 1.125 4.75
49 4 0 1.125 4
50 3.25 0 1.125 3.25
51 2.5 0 1.313 2.5

52 5.5 1.5 3.75 5.5
53 4 1.5 4.5 4
54 2.5 1.5 3.75 2.5
55 5.5 3 4.375 5.5
56 4 3 5.25 4
57 2.5 3 4.375 2.5
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Conf.# 3C 16 2.5_20/8,continued

Orif. #
36
37
38
39
40
41
42
43
44
45
46
58
59
60
61
62
63
64
65
66
67
68
84
85
86
87
88
89
90
91
93
94
95
96
97
98

Mom. arm

1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.5
-3.25
-4
-4.75
-5.5
-2.5
-4
-5.5
-2.5
-4
-5.5
-6.15
-6.5
-6.85
-7.2
-8.8
-9.15
-9.5
-9.85
-6.5
-8
-9.5
-6.5
-8
-9.5

Sta.

0
0

Y

0
0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
1.5
1.5
1.5
3
3
3
0
0
0
0
0
0
0
0
1.5
1.5
1.5
3
3
3

A.Area
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
0.634
0.683
0.683
0.619
0.619
0.683

0.683
0.634
3.19
5.062
3.19
4.375
5.25
4.375

Sta. x

1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.5
-3.25
-4
-4.75
-5.5
-2.5
-4
-5.5
-2.5
-4
-5.5
-6.15
-6.5
-6.85
-7.2
-8.8
-9.15
-9.5
-9.85
-6.5
-8
-9.5
-6.5
-8
-9.5
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Balance center &

Moment reference point

/
P6 I P2 P1 / P3 P7

114 _ eC)o115 7

49 J 51 • O--'_-O • • • • • • • • • •

41 42 43 I 63 64 651 • ! • •• • Io ;A ot
52 53 54 • • O I ° • e I • et J • ;

15 25 e56 _ •44 •45 46Iol 066 •67 68[135•IO •Y• 16010I

I i, 4, o,,, I99 103 l_,l

Figure 78. Configuration 4C_ 16_2.5/3.9_20/8; D e = 1.710 in., Aje t = 2.30 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 4C-16-2.5/3.9-20/8

Distance from balance center to moment reference point, Xo = 0

Orif. # Morn. arm Sta. y A.Area Sta. x
99 9.5 3 4.688 9.5
100 9.165 1.5 4.38 9.5
101 9.5 0 1.313 9.5
102 8.75 0 1.125 8.75
103 8 3 5.625 8
104 8 2 0.278 8
105 8 1.88 0.38 8
106 8 0.64 0.38 8
107 8 0.48 0.24 8
108 8 0.32 0.24 8
109 8 0.16 0.24 8
110 8 0 0.12 8
111 8 -0.16 0 8
112 8 -0.32 0 8
113 8 -0.48 0 8
114 8 -0.64 0 8
115 7.25 2 0.375 7.25
116 7.25 1.75 0.375 7.25
117 7.25 1.5 0.355 7.25
118 7.25 1.25 0.325 7.25
119 7.25 1 0.355 7.25
120 7.25 0.75 0.375 7.25

121 7.25 0.5 0.375 7.25
122 7.25 0.25 0.375 7.25
123 7.25 0 0.188 7.25
124 6.5 3 4.688 6.5
125 6.5 2 0.438 6.5
126 6.5 1.75 0.438 6.5
127 6.5 1.5 0.438 6.5
128 6.5 1.25 0.438 6.5
129 6.5 1 0.438 6.5
130 6.5 0.75 0.438 6.5
131 6.5 0.5 0.438 6.5
132 6.5 0.25 0.438 6.5
133 6.5 0 0.219 6.5
47 5.5 0 1.313 5.5
48 4.75 0 1.125 4.75
49 4 0 1.125 4
50 3.25 0 1.125 3.25
51 2.5 0 1.313 2.5
52 5.5 1.5 3.75 5.5
53 4 1.5 4.5 4

54 2.5 1.5 3.75 2.5
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Conf. # 4C_16_2.5/3.9_20/8, continued

Orif. # Morn. arm Sta. y
55 5.5 3
56 4 3
57 2.5 3
36 1.5 0
37 0.75 0
38 0 0
39 -0.75 0
40 -1.5 0
41 1.5 1.5
42 0 1.5
43 -1.5 1.5
44 1.5 3
45 0 3
46 -1.5 3
58 -2.5 0
59 -3.25 0
60 -4 0
61 -4.75 0
62 -5.5 0
63 -2.5 1.5
64 -4 1.5
65 -5.5 1.5
66 -2.5 3
67 -4 3
68 -5.5 3
134 -6.5 3
135 -6.5 2
136 -6.5 1.5
137 -6.5 1
138 -6.5 0.5
139 -6.5 0
140 -7.25 3
141 -7.25 2

142 -7.25 1.6
143 -7.25 1.2
144 -7.25 0.8
145 -7.25 0.4
146 -7.25 0
147 -8 3
148 -8 2.5
149 -8 1.3
150 -8 0.975
151 -8 0.65
152 -8 0.325
153 -8 0
154 -8 -0.325
155 -8 -0.65
156 -8 -0.975
157 -8 -1.3
159 -9.19 3

160 -9.163 2

A.Area

4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
1.313

1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25

4.375
3.063
0.875
0.875
0.875
0.875
0.438
2.625
0.534
0.575
0.6
0.6
0.6
0.3
2.006
0.54
0.54
0.488
0.488
0.488
0.4315
0
0
0
0
5.688

1.559

Sta. x
5.5
4
2.5
1.5
0.75
0

-0.75
-1.5

1.5
0

-1.5
1.5
0

-1.5
-2.5
-3.25
-4
-4.75
-5.5
-2.5
-4
-5.5
-2.5
--4
-5.5
-6.5
-6.5
-6.5
-6.5
-6.5
-6.5
-7.25
-7.25
-7.25
-7.25
-7.25
-7.25
-7.25
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-9.5

-9.5
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Conf.# 4C_16_2.5/3.9_20/8,continued

Orif. # Mom.arm Sta.y
161 -9.163 1.5
162 -9.163 1
163 -9.163 0.5
164 -9.5 0

&Area
1.6
1.625
1.625
0.6255

Sta. x

-9.5
-9.5
-9.5
-9.5
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Moment reference point Balance center

1 /"oI]14 P6 P2 P1 P7

Jlo,_O 123 I 48 3"/ 39/ 146"_ 1157

I'" I ": "1"" ' " "I'" "..'''.: ."
I_,:_oi!1 ":" "22 e4, 42 431e eA •

] • 104o 115o[ 25 # :5 •46113°5eVI• • • 1_0o

11341_0 147 159199 ,03 '_'1

Figure 79. Configuration 4C_ 12_2.5/3.9_ 16/8; De = 1.710 in., Aje t = 2.30 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 4C-12-2.5/3.9-16/8

Distance from balance center to moment reference point, Xo = 2

Orif. # Mom. arm Sta. y A.Area Sta. x
99 7.5 3 4.688 7.5
100 7.165 1.5 4.38 7.5
101 7.5 0 1.313 7.5
102 6.75 0 1.125 6.75
103 6 3 5.625 6
104 6 2 0.278 6
105 6 1.88 0.38 6
106 6 0.64 0.38 6
107 6 0.48 0.24 6
108 6 0.32 0.24 6
109 6 0.16 0.24 6
110 6 0 0.12 6
111 6 -0.16 0 6
112 6 -0.32 0 6
113 6 -0.48 0 6
114 6 -0.64 0 6
115 5.25 2 0.375 5.25
116 5.25 1.75 0.375 5.25
117 5.25 1.5 0.355 5.25
118 5.25 1.25 0.325 5.25
119 5.25 1 0.355 5.25
120 5.25 0.75 0.375 5.25
121 5.25 0.5 0.375 5.25
122 5.25 0.25 0.375 5.25
123 5.25 0 0.188 5.25
124 4.5 3 4.688 4.5
125 4.5 2 0.438 4.5
126 4.5 1.75 0.438 4.5
127 4.5 1.5 0.438 4.5
128 4.5 1.25 0.438 4.5
129 4.5 1 0.438 4.5
130 4.5 0.75 0.438 4.5
131 4.5 0.5 0.438 4.5
132 4.5 0.25 0.438 4.5

133 4.5 0 0.219 4.5
47 3.5 0 1.313 3.5

48 2.75 0 1.125 2.75
49 2 0 1.125 2
50 1.25 0 1.125 1.25
51 0.5 0 1.313 0.5
52 3.5 1.5 3.75 3.5
53 2 1.5 4.5 2
54 0.5 1.5 3.75 0.5
55 3.5 3 4.375 3.5
56 2 3 5.25 2
57 0.5 3 4.375 0.5
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Conf. # 4C_12_2.5/3.9_16/8, continued

Orif. # Morn. ann Sta. y
36 -0.5 0
37 - 1.25 0
38 -2 0
39 -2.75 0
40 -3.5 0
41 -0.5 1.5
42 -2 1.5
43 -3.5 1.5
44 -0.5 3

45 -2 3
46 -3.5 3
134 -4.44 3
135 -4.44 2
136 -4.44 1.5
137 -4.44 1
138 -4.44 0.5
139 -4.44 0
140 -5.25 3
141 -5.25 2
142 -5.25 1.6
143 -5.25 1.2
144 -5.25 0.8
145 -5.25 0.4
146 -5.25 0
147 -6 3
148 -6 2.5
149 -6 1.3
150 -6 0.975
151 -6 0.65
152 -6 0.325
153 -6 0
154 -6 -0.325
155 -6 -0.65
156 -6 -0.975
157 -6 -1.3
159 -7.19 3
160 -7.163 2
161 -7.163 1.5
162 -7.163 1
163 -7.163 0.5
164 -7.5 0

A.Area

1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
3.063
0.875
0.875
0.875

0.875
0.438
2.625
0.534
0.575
0.6
0.6
0.6
0.3
2.006
0.54
0.54

0.488
0.488

0.488
0.244
0
0
0
0
5.688

1.559
1.6
1.625
1.625
0.438

Sta. x

-0.5
-1.25
-2
-2.75
-3.5
-0.5
-2
-3.5
-0.5
-2
-3.5
-4.5
-4.5
-4.5
-4.5
-4.5
-4.5
-5.25

-5.25
-5.25
-5.25
-5.25
-5.25
-5.25
-6
-6
-6
-6
-6

-6
-6
-6
-6
-6
-6
-7.5

-7.5
-7.5
-7.5

-7.5
-7.5
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Figure 80. Configuration 4C_8?2.5/3.9_12/8; De = 1.710 in., Aje t = 2.30 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 4C-8-2.5/3.9-12/8

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. ann Sta. y &Area Sta. x
99 5.5 3 4.688 5.5
100 5.165 1.5 4.38 5.5
101 5.5 0 1.313 5.5
102 4.75 0 1.125 4.75
103 4 3 5.625 4
104 4 2 0.278 4
105 4 1.88 0.38 4
106 4 0.64 0.38 4
107 4 0.48 0.24 4
108 4 0.32 0.24 4
109 4 0.16 0.24 4
110 4 0 0.12 4
111 4 -0.16 0 4
112 4 -0.32 0 4
113 4 -0.48 0 4
114 4 -0.64 0 4
115 3.25 2 0.375 3.25
116 3.25 1.75 0.375 3.25
117 3.25 1.5 0.355 3.25
118 3.25 1.25 0.325 3.25
119 3.25 1 0.355 3.25
120 3.25 0.75 0.375 3.25
121 3.25 0.5 0.375 3.25
122 3.25 0.25 0.375 3.25
123 3.25 0 0.188 3.25
124 2.5 3 4.688 2.5
125 2.5 2 0.438 2.5
126 2.5 1.75 0.438 2.5
127 2.5 1.5 0.438 2.5
128 2.5 1.25 0.438 2.5
129 2.5 1 0.438 2.5
130 2.5 0.75 0.438 2.5
131 2.5 0.5 0.438 2.5
132 2.5 0.25 0.438 2.5
133 2.5 0 0.219 2.5
36 1.5 0 1.313 1.5
37 0.75 0 1.125 0.75
38 0 0 1.125 0
39 -0.75 0 1.125 -0.75
40 -1.5 0 1.313 -1.5
41 1.5 1.5 3.75 1.5
42 0 1.5 4.5 0
43 -1.5 1.5 3.75 - 1.5
44 1.5 3 4.375 1.5
45 0 3 5.25 0
46 - 1.5 3 4.375 - 1.5
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Conf.# 4C 8 2.5/3.9_12/8,continued

Orif. # Mom. arm Sta.y
134 -2.5 3
135 -2.5 2
136 -2.5 1.5
137 -2.5 1
138 -2.5 0.5
139 -2.5 0
140 -3.25 3
141 -3.25 2
142 -3.25 1.6
143 -3.25 1.2
144 -3.25 0.8
145 -3.25 0.4
146 -3.25 0
147 -4 3
148 -4 2.5
149 -4 1.3
150 -4 0.975
151 -4 0.65
152 -4 0.325
153 -4 0
154 -4 -0.325
155 -4 -0.65
156 -4 -0.975
157 -4 -1.3
159 -5.19 3
160 -5.163 2
161 -5.163 1.5
162 -5.163 1
163 -5.163 0.5
164 -5.5 0

A.Area
3.063
0.875
0.875
0.875
0.875
0.438
2.625
0.534
0.575
0.6
0.6
0.6

0.3
2.006
0.54
0.54
0.488
0.488
0.488
0.4315
0
0
0
0
5.688
1.559
1.6
1.625
1.625
0.6255

Sta. x

-2.5
-2.5
-2.5
-2.5
-2.5
-2.5
-3.25
-3.25
-3.25
-3.25
-3.25
-3.25
-3.25
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4
-5.5
-5.5
-5.5
-5.5
-5.5
-5.5
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Figure 81. Configuration 2C_0_3.9_12/8; D e = 1.216 in., Aje t = 1.16 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 2C-0-3.9-12/8

Distance from balance center to moment reference point, Xo = -4

Orif. # Morn. arm Sta. y &Area Sta. x
58 -2.5 0 1.313 -2.5
59 -3.25 0 1.125 -3.25
60 -4 0 1.125 -4
61 -4.75 0 1.125 -4.75
62 -5.5 0 1.313 -5.5
63 -2.5 1.5 3.75 -2.5
64 -4 1.5 4.5 -4
65 -5.5 1.5 3.75 -5.5
66 -2.5 3 4.375 -2.5
67 -4 3 5.25 -4
68 -5.5 3 4.375 -5.5
134 1.56 3 3.063 1.5
135 1.56 2 0.875 1.5
136 1.56 1.5 0.875 1.5
137 1.56 1 0.875 1.5
138 1.56 0.5 0.875 1.5
139 1.56 0 0.438 1.5
140 0.75 3 2.625 0.75
141 0.75 2 0.534 0.75
142 0.75 1.6 0.575 0.75
143 0.75 1.2 0.6 0.75
144 0.75 0.8 0.6 0.75
145 0.75 0.4 0.6 0.75
146 0.75 0 0.3 0.75
147 0 3 2.006 0
148 0 2.5 0.54 0
149 0 1.3 0.54 0
150 0 0.975 0.488 0
151 0 0.65 0.488 0
152 0 0.325 0.488 0
153 0 0 0.432 0
154 0 -0.325 0 0
155 0 -0.65 0 0
156 0 -0.975 0 0
157 0 -1.3 0 0
159 -1.19 3 5.688 -1.5
160 - 1.163 2 1.559 - 1.5
161 -1.163 1.5 1.6 -1.5
162 -1.163 1 1.625 -1.5
163 -1.163 0.5 1.625 -1.5
164 -1.5 0 0.626 -1.5
36 5.5 0 1.313 5.5
37 4.75 0 1.125 4.75

38 4 0 1.125 4
39 3.25 0 1.125 3.25
40 , 2.5 0 1.313 2.5
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Conf. # 2C_0_3.9_12/8, continued

Orif. # Mom. ann Sta. y &Area
41 5.5 1.5 3.75
42 4 1.5 4.5
43 2.5 1.5 3.75
44 5.5 3 4.375
45 4 3 5.25
46 2.5 3 4.375

Sta. x
5.5
4
2.5
5.5
4

2.5
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Figure 82. Configuration 3C_8_3.9_ 12/8; D e = 1.709 in., Aje t = 2.29 in. 2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 3C-8-3.9-12/8

Distance from balance center to moment reference point, Xo = 0

Orif. # Mom. arm Sta. y &Area Sta. x
134 -5.56 -3 3.063 -5.5
135 -5.56 -2 0.875 -5.5
136 -5.56 -1.5 0.875 -5.5
137 -5.56 -1 0.875 -5.5
138 -5.56 -0.5 0.875 -5.5
139 -5.56 0 0.438 -5.5
140 -4.75 -3 2.625 -4.75
141 -4.75 -2 0.534 -4.75
142 -4.75 - 1.6 0.575 -4.75
143 -4.75 - 1.2 0.6 -4.75
144 -4.75 -0.8 0.6 -4.75
145 -4.75 -0.4 0.6 -4.75
146 -4.75 0 0.3 -4.75
147 -4 -3 2.006 -4
148 -4 -2.5 0.54 -4
149 -4 -1.3 0.54 -4
150 -4 -0.975 0.488 -4
151 -4 -0.65 0.488 -4
152 -4 -0.325 0.488 -4
153 -4 0 0.244 -4
154 -4 0.325 0 -4
155 -4 0.65 0 -4
156 -4 0.975 0 -4
157 -4 1.3 0 -4
159 -2.81 -3 5.688 -2.5
160 -2.837 -2 1.559 -2.5
161 -2.837 -1.5 1.6 -2.5
162 -2.837 -1 1.625 -2.5
163 -2.837 -0.5 1.625 -2.5

164 -2.5 0 0.438 -2.5
36 -1.5 0 1.313 -1.5
37 -0.75 0 1.125 -0.75
38 0 0 1.125 0
39 0.75 0 1.125 0.75
40 1.5 0 1.313 1.5
41 -1.5 -1.5 3.75 -1.5
42 0 -1.5 4.5 0

43 1.5 -1.5 3.75 1.5
44 -1.5 -3 4.375 -1.5

45 0 -3 5.25 0
46 1.5 -3 4.375 1.5
84 2.15 0 0.634 2.15
85 2.5 0 0.683 2.5
86 2.85 0 0.683 2.85
87 3.2 0 0.619 3.2
88 4.8 0 0.619 4.8
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Conf.# 3C_8_3.9_12/8,continued

Orif. # Mom. arm Sta.y A.Area
89 5.15 0 0.683
90 5.5 0 0.683
91 5.85 0 0.634
93 2.5 -1.5 3.19
94 4 - 1.5 5.062
95 5.5 -1.5 3.19
96 2.5 -3 4.375
97 4 -3 5.25
98 5.5 -3 4.375

Sta. x

5.15
5.5
5.85
2.5
4
5.5
2.5
4
5.5
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Figure 83. Configuration 30,,_ 12_3.9_ 16/8; De = 1.709 in., Aje t = 2.29 in.2.
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Pressure Orifice Locations and Weighting Factors

Conf. # 3C-12-3.9-16/8

Distance from balance center to moment reference point, Xo = 0

Orif. # Morn. arm Sta. y A.Area Sta. x
134 -7.56 -3 3.063 -7.5
135 -7.56 -2 0.875 -7.5
136 -7.56 -1.5 0.875 -7.5
137 -7.56 -1 0.875 -7.5
138 -7.56 -0.5 0.875 -7.5
139 -7.56 0 0.438 -7.5
140 -6.75 -3 2.625 -6.75
141 -6.75 -2 0.534 -6.75
142 -6.75 -1.6 0.575 -6.75
143 -6.75 - 1.2 0.6 -6.75
144 -6.75 -0.8 0.6 -6.75
145 -6.75 -0.4 0.6 -6.75
146 -6.75 0 0.3 -6.75
147 -6 -3 2.006 -6
148 -6 -2.5 0.54 -6
149 -6 - 1.3 0.54 -6
150 -6 -0.975 0.488 -6
151 -6 -0.65 0.488 -6
152 -6 -0.325 0.488 -6
153 -6 0 0.244 -6
154 -6 0.325 0 -6
155 -6 0.65 0 -6
156 -6 0.975 0 -6
157 -6 1.3 0 -6
159 -4.81 -3 5.688 -4.5
160 -4.837 -2 1.559 -4.5
161 -4.837 -1.5 1.6 -4.5
162 -4.837 -1 1.625 -4.5
163 -4.837 -0.5 1.625 -4.5
164 -4.5 0 0.438 -4.5
47 -3.5 0 1.313 -3.5
48 -2.75 0 1.125 -2.75
49 -2 0 1.125 -2
50 -1.25 0 1.125 -1.25
51 -0.5 0 1.313 -0.5
52 -3.5 -1.5 3.75 -3.5
53 -2 - 1.5 4.5 -2
54 -0.5 -1.5 3.75 -0.5
55 -3.5 -3 4.375 -3.5
56 -2 -3 5.25 -2
57 -0.5 -3 4.375 -0.5

36 0.5 0 1.313 0.5
37 1.25 0 1.125 1.25
38 2 0 1.125 2
39 2.75 0 1.125 2.75
40 3.5 0 1.313 3.5
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Conf.# 3C 12 3.9_16/8,continued

Orif. # Morn.arm Sta.y A.Area
41 0.5 -1.5 3.75
42 2 -1.5 4.5
43 3.5 -1.5 3.75
44 0.5 -3 4.375
45 2 -3 5.25
46 3.5 -3 4.375
84 4.15 0 0.634
85 4.5 0 0.683
86 4.85 0 0.683
87 5.2 0 0.619
88 6.8 0 0.619
89 7.15 0 0.683
90 7.5 0 0.683
91 7.85 0 0.634
93 4.5 -1.5 3.19
94 6 - 1.5 5.062
95 7.5 -1.5 3.19

96 4.5 -3 4.375
97 6 -3 5.25
98 7.5 -3 4.375

Sta. x

0.5
2
3.5
0.5
2
3.5
4.15
4.5
4.85
5.2
6.8
7.15
7.5
7.85
4.5
6
7.5

4.5
6
7.5
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Figure 84. Configuration 3C_ 16_3.9_2018; De = 1.709 in., Aje t = 2.29 in.2.
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PressureOrificeLocationsandWeightingFactors

Conf. # 3C 16 3.9_20/8

Distancefrom balancecenterto momentreferencepoint,Xo= 0

Orif.
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
159
160
161
162
163
164
47
48
49
50
51
52
53
54
55
56
57
36
37
38
39
40

# Mom. arm Sta.y A.Area Sta. x
-9.56 -3 3.063 -9.5
-9.56 -2 0.875 -9.5
-9.56 -1.5 0.875 -9.5
-9.56 -1 0.875 -9.5
-9.56 -0.5 0.875 -9.5
-9.56 0 0.438 -9.5
-8.75 -3 2.625 -8.75
-8.75 -2 0.534 -8.75
-8.75 -1.6 0.575 -8.75
-8.75 -1.2 0.6 -8.75
-8.75 -0.8 0.6 -8.75
-8.75 -0.4 0.6 -8.75
-8.75 0 0.3 -8.75
-8 -3 2.006 -8
-8 -2.5 0.54 -8
-8 -1.3 0.54 -8
-8 -0.975 0.488 -8
-8 -0.65 0.488 -8
-8 -0.325 0.488 -8
-8 0 0.244 -8
-8 0.325 0 -8
-8 0.65 0 -8
-8 0.975 0 -8
-8 1.3 O -8
-6.81 -3 5.688 -6.5
-6.837 -2 1.559 -6.5
-6.837 -1.5 1.6 -6.5
-6.837 -1 1.625 -6.5
-6.837 -0.5 1.625 -6.5
-6.5 0 0.438 -6.5
-5.5 0 1.313 -5.5
-4.75 0 1.125 -4.75
-4 0 1.125 -4

-3.25 0 1.125 -3.25
-2.5 0 1.313 -2.5
-5.5 -1.5 3.75 -5.5
-4 -1.5 4.5 -4

-2.5 -1.5 3.75 -2.5
-5.5 -3 4.375 -5.5
-4 -3 5.25 -4

-2.5 -3 4.375 -2.5
-1.5 0 1.313 -1.5
-0.75 0 1.125 -0.75
0 0 1.125 0
0.75 0 1.125 0.75
1.5 0 1.313 1.5
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Conf. # 3C_16_3.9_20/8, continued

Orif. # Mom. arm Sta. y
41 -1.5 -1.5
42 0 -1.5
43 1.5 -1.5
44 -1.5 -3
45 0 -3
46 1.5 -3
58 2.5 0
59 3.25 0
60 4 0
61 4.75 0
62 5.5 0
63 2.5 -1.5
64 4 -1.5
65 5.5 -1.5
66 2.5 -3
67 4 -3
68 5.5 -3
84 6.15 0
85 6.5 0
86 6.85 0
87 7.2 0
88 8.8 0
89 9.15 0
90 9.5 0
91 9.85 0
93 6.5 -1.5
94 8 -1.5
95 9.5 -1.5
96 6.5 -3
97 8 -3
98 9.5 -3

A.Area
3.75
4.5
3.75
4.375
5.25
4.375
1.313
1.125
1.125
1.125
1.313
3.75
4.5
3.75
4.375
5.25
4.375
0.634
0.683
0.683
0.619
0.619
0.683
0.683
0.634
3.19
5.062
3.19

4.375
5.25
4.375

Sta. X

-1.5
0
1.5

-1.5
0
1.5
2.5
3.25
4
4.75
5.5
2.5
4
5.5
2.5
4

5.5
6.15
6.5
6.85
7.2
8.8
9.15
9.5

9.85
6.5
8
9.5
6.5
8
9.5
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increments, are tabulated. For selected runs, pressure data will be presented in the form of contour plots that
show lines of constant pressure coefficient on the model undersurface. Nozzle-thrust calibrations and jet-

flow-pressure survey, information are also provided.
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